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ABSTRACT
A Comparison of Ses Runoff Prediction 





Dr. David James, Examination Committee Chair 
Professor o f Civil Engineering 
University of Nevada, Las Vegas
The paper presents the methodology and results o f a hydrological study o f two basins 
in Sri Lanka. The objective o f the study was to evaluate a flood prediction model based on 
the Soil Conservation Service (SCS) runoff curve method. The study results showed that the 
application o f standard SCS tables and standard abstractions does not adequately predict 
computed direct runoff. The standard SCS curve number method produced good predictions 
at optimum initial abstractions (IJ  for all rainfall gauging stations when compared to 
Hjelmfelt’s (1980), and Hawkins (1993) techniques.
This paper also focuses on calibrating curve numbers from rainfall-runoff data. The 
two methods used in this regard were those of Hjelmfelt (1980,1991), and Hawkins (1993). 
The methods were applied to daily data from individual rainfall gauging stations as well as 
monthly averaged areally distributed rainfall. The calibrated CN was then used to predict the
111
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runoff for each gauging station.
The objective o f a frequency analysis o f hydrologie data in this study was to relate 
the magnitude o f extreme events to their frequency o f occurrence through the use of 
probability distributions. The log-Pearson Type III distribution performed better than the 
Extreme Value Type I distribution in verifying if the general trend of the data reasonably 
agreed with the frequency distribution curves.
The Aningkanda rainfall gauging station in the Nilwala Ganga Basin was a better 
predictor of runoff than the Mawarella and St. Augustine gauging stations. The two rainfall 
gauging stations used to predict runoff for the Gin Ganga Basin produced approximately 
equal coefficients o f determinations.
The Gin Ganga Watershed yielded approximately 73% runoff compared to the 25% 
yield in the adjoining Nilwala Ganga Watershed. The primary reason for the large difference 
in water yield could be attributed to the fact that the rainfall gauging stations are relatively 
closer to the stream flow gauging station in the Gin Ganga basin than the Nilwala Ganga.
The SCS unit hydrograph method used in the HEC-1 flood hydrograph package 
assumed rainfall distributions generated for North American Continental weather. However, 
using different rainfall distributions did not significantly change the predicted runoff results 
in the two basins.
IV
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CHAPTER 1
INTRODUCTION
Sri Lanka is a compact island 25,332 square miles in extent lying off the southern tip 
o f Peninsular India between latitudes 5° 55' - 9"5I' N. and longitudes 79“ 41' - 81“ 53' E. It 
is separated from the Indian sub-continent by a strip o f sea which, at its narrowest, is about 
25 miles wide.
A detailed analysis o f surface runoff is highly important to Sri Lanka for such fields 
as flood control, stream flow forecasting, reservoir design, irrigation, drainage, and power 
generation. Very little work has been previously done in the south central region o f Sri Lanka 
in predicting runoff from rainfall. As a source o f generating power, rivers are of tremendous 
importance to Sri Lanka, particularly because the country is poorly endowed with fuel 
minerals. In the utilization o f the surface run-off for irrigation, its uneven distribution 
between the wet zone and the dry zone has created significant problems for farmers in this 
region. The total paddy cultivated in the study area is estimated to be 75,000 acres, o f which 
approximately one half is subject to frequent damage by flooding. The amount o f river water 
that could be economically utilized for irrigation has not been accurately assessed. 
Furthermore, in irrigation and in power generation, the principal uses o f the country’s river 
water have been estimated to account for less than 0.5 per cent o f the water available.
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2Therefore, one can see the importance o f generating accurate models to predict runoff.
Assessment of a basins runoff potential, both in terms o f long-term yield and flood 
flows, is a necessary prerequisite for environmentally sound development of water resources 
o f a region. Calculating direct runoff volume by using runoff curve numbers is an 
internationally known technique. It was originated by, and is still strongly identified with, 
the United States Department o f Agriculture Soil Conservation Service. The method is 
physically based, and requires only spatially average data, such as land use, land cover, and 
soil types which can be obtained relatively easily in comparison with data requirements of 
other infiltration models.
The objective o f the study was to develop a methodology, based on the SCS runoff curve 
number method, for large watershed flood hydrograph prediction in tropical climate.
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C H A P T E R 2
LITERATURE REVIEW
Surface water hydrology deals with the movement of water along the earth’s surface 
as a result o f precipitation and snow melt. Detailed analysis o f surface water flow rate is 
highly important to such fields as municipal and industrial water supply, flood control, 
streamflow forecasting, reservoir design, navigation, irrigation, drainage, water quality 
control, water-based recreation, and fish and wildlife management.
The relation between precipitation and runoff is influenced by various storm and 
basin characteristics. Because of these complexities and the frequent paucity o f adequate 
runoff data, many approximate formulas have been developed to relate rainfall and runoff. 
The earliest o f these were usually crude empirical statements, whereas the trend now is to 
develop descriptive equations based on physical processes. Some of the earliest approaches 
in correlating precipitation and runoff were to plot precipitation versus runoff, find the slope 
of the trend line, and estimate the percentage of rainfall appearing as runoff. Runoff is that 
portion of the precipitation that makes its way toward stream channels, lakes, or oceans as 
surface or subsurface flow. Before runoff can occur, precipitation must satisfy the demands 
of evaporation, interception, infiltration, surface storage, surface detention, and charmel 
detention. The land area that contributes surface runoff to any point of interest is called a
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
4watershed. Watersheds can comprise areas of few acres in size or thousands of square miles. 
The tract of land ( both surface and subsurface ) drained by a river and its tributaries is called 
a drainage basin. A watershed area supplies surface runoff to a river or stream, whereas a 
drainage basin for a given stream is the tract of land drained o f both surface runoff and 
groundwater discharge. Surface runoff from a watershed flows downhill until reaching a 
tributary or stream. The lines separating the land surface into watersheds are called divides. 
These normally follow ridges and mounds and can be delineated using contour maps, field 
surveys, or stereographic pairs of aerial photographs to identify gradient directions.
The entire area within the divide of a watershed may not contribute to runoff. 
Precipitation falling on or flowing into depressed or blocked areas can exit only by seepage 
or evaporation, or by transpiration if the land is vegetated. If  sufficient rainfall occurs, such 
areas may overflow and contribute to runoff. Thus, the total area contributing to runoff varies 
with the intensity and the duration o f the storm.
2.1 Factors Affecting Runoff
The factors affecting runoff may be divided into those factors associated with the 
precipitation and those factors associated with the watershed.
Rainfall duration, intensity, and areal distribution influence the rate and volume o f mnoff. 
Total runoff for a storm is clearly related to the duration for a given intensity. Infiltration 
capacity may decrease with time in the initial stages of a storm. Thus a storm of short 
duration may produce no runoff, whereas a storm of the same intensity but o f long duration 
will result in runoff. Rainfall intensity influences both the rate and the volume o f runoff. An 
intense storm generally exceeds the infiltration capacity by a greater margin than does a
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5gentle rain. Therefore the total volume of runoff is usually greater for the intense storm even 
though total precipitation for the two events is the same. An intense storm actually may 
decrease the infiltration rate because o f its destructive action on the structure o f the soil 
surface. Rate and volume o f runoff from a given watershed are influenced by the distribution 
o f rainfall and of rainfall intensity over the watershed. Generally the maximum rate and 
volume of runoff occur when the entire watershed contributes. However, an intense storm 
on one portion of the watershed may result in greater runoff than a moderate storm over the 
entire watershed.
Watershed factors affecting runoff are size, shape, orientation, topography, geology, 
and surface culture. Watershed size may determine the season at which high runoff may be 
expected to occur. Harrold (1950) has observed that, on watersheds in the Ohio river basin, 
99 percent o f the floods from drainage areas o f 1 square mile occur in May through 
September; and 95 percent of the floods on drainage areas of 100,000 square miles occur in 
October through April.
Long, narrow watersheds are likely to have lower runoff rates than more compact 
watersheds o f the same size. The runoff from the former does not concentrate as quickly as 
it does from the compact areas, and long watersheds are less likely to be covered uniformly 
by intense storms.
Topographic features, such as slope of upland areas, the degree of development and 
gradients of channels, and the extent and number o f depressed areas, affect rates and volumes 
o f runoff. Watersheds having extensive flat areas or depressed areas without surface outlets 
have lower runoffs than areas with steep, well-defined drainage patterns. Underlying 
geologic formations and soil determine to a large degree the infiltration rate and capacity.
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6and thus affect runoff.
Vegetation and the practices incident to agriculture and forestry also influence 
infiltration. Vegetation retards overland flow and increases surface detention to reduce peak 
runoff rates. Works of man, such as dams, levees, bridges, and culverts, and terraced fields, 
all influence runoff rates by detaining water and slowing overland flowrates.
2.2 The Development of Soil Conservation Service Method
The United States Soil Conservation Service (SCS) in 1968 developed a widely used 
curve number procedure for estimating runoff (Chow, et al, 1988). The effects of land use 
and treatment, and thus infiltration, are embodied in it. Land use is the watershed cover and 
it includes every kind o f vegetative cover, fallow land, and nonagricultural uses such as 
water surfaces ( lakes, swamps, etc.) and impervious surfaces (roads, roofs, etc.) (National 
Engineering Handbook Section 4,1972). Land treatment applies mainly to agricultural land 
uses and it includes mechanical practices such as contouring or terracing and management 
practices such as grazing control or rotation o f crops (National Engineering Handbook 
Section 4, 1972). The curve number procedure was empirically developed from studies of 
small agricultural watersheds. While the SCS procedure is not designed to estimate 
infiltration directly, examination of Figure 10-1 in the SCS manual (National Engineering 
Handbook Section 4 , 1972) shows that the method does incorporate an infiltration estimate.
The SCS procedure consists o f selecting a storm and computing the direct runoff by 
the use of curves derived from field studies o f the amount of measured runoff from numerous 
soil cover combinations. A runoff curve number (CN) is extracted from Table 2-1. Selection 
of the runoff curve number is dependent on antecedent moisture conditions, the types of land
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7cover, and the pattern o f precipitation.
Soils are classified A, B, C, or D according to the following criteria in the SCS 
manual.
A: (Low runoff potential) Soils having high infiltration rates even if thoroughly 
wetted and consisting chiefly of deep, well to excessively drained sands or gravels. 
They have a high rate of water transmission.
B : Soils having moderate infiltration rates if  thoroughly wetted and consisting chiefly 
of moderately deep to deep, moderately well to well drained soils with moderately 
fine to moderately coarse textures. They have a moderate rate of water transmission. 
C; Soils having slow infiltration rates i f  thoroughly wetted and consisting chiefly of 
soils with a layer that impedes the downward movement of water, or soils with 
moderately fine to fine texture. They have a slow rate of water transmission.
D: (High runoff potential) Soils having very slow infiltration rates if thoroughly 
wetted and consisting chiefly of clay soils with a high swelling potential, soils with 
a permanent high water table, soils with a claypan or clay layer at or near the surface, 
and shallow soils over nearly impervious material. They have a very slow rate of 
water transmission.
A composite curve number (CN) for a watershed having more than one land use, 
treatment, or soil type can be found by weighting each curve number according to its area 
in the watershed. If, for example, 80% of a watershed has a CN of 75 and the remaining 20% 
is impervious (CN = 100), then the weighted CN = 0.80*75 + 0.20*100 = 80.
The curve numbers in Table 2-1 are applicable to average antecedent moisture conditions, 
(AMC) designated by SCS as AMC II.
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8Antecedent moisture conditions are defined as follows:(National Engineering Handbook 
Section 4, 1972)
AMC I: A condition o f watershed soils where the soils are dry but not to the 
wilting point, and when satisfactory plowing or cultivation takes place.
AMC II: The average case for annual floods, that is, an average of the conditions 
that have preceded the occurrence of the maximum annual flood on numerous 
watersheds.
AMC III: If  heavy rainfall or light rainfall and low temperatures have occurred 
during the five days previous to the given storm, and the soil is nearly saturated.
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TABLE 2-1: RUNOFF CURVE NUMBERS FOR HYDROLOGIC
Land use or cove Treatment or practice
Hydrologie
condition
H ydroloqic Soil Group
A B C D
Fallow Straight row 77 86 91 94
Row crops Straight row Poor 72 81 88 91
Straight row Good 67 78 85 89
Contoured Poor 70 79 84 88
Contoured Good 65 75 82 86
Contoured and terrace Poor 66 74 80 82
Contoured and terrace Good 62 71 78 81
Small grain Straight row Poor 65 76 84 88
Good 63 75 83 87
Contoured Poor 63 74 82 85
Good 61 73 81 84
Contoured and terrace Poor 61 72 79 82
Good 59 70 78 81
Close-seeded Straight row Poor 66 77 85 89
legumes(b) or Straight row Good 58 72 81 85
rotation meadow Contoured Poor 64 75 83 85
Contoured Good 55 69 78 83
Contoured and terrace Poor 63 73 80 83
Contoured and terrace Good 51 67 76 80
Pasture or Poor 68 79 86 89
range Fair 49 69 79 84
Good 39 61 74 80
Contoured Poor 47 67 81 88
Contoured Fair 25 59 75 83
Contoured Good 6 35 70 79
Meadow Good 30 58 71 78
Woods Poor 45 66 77 83
Fair 36 60 73 79
Good 25 55 70 77
Farmsteads 59 74 82 86
Roads(dirt (c)) ------- 72 82 87 89
(hard surface (c)) 74 84 90 92
a Antecedent moisture condition II and la = 0.28. 
b Close drilled or broadcast, 
c Including right-of-way.
Source : " Hydrology, " Suppl. A to Sec.4, Engineering Handbook, U.S. Department of 
Agriculture, Soil Conservation Service, 1968.
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The curve numbers shown in Figure 10-1 in the SCS manual and Table 2-1 o f this paper 
apply for normal antecedent moisture conditions (AMC II). For dry conditions (AMC I) or 
wet conditions (AMC III), equivalent curve numbers can be computed by: (Chow, et al, 
1988).
:  ) -  .0
10 f S / n )
Once an appropriate curve number has been determined from the effects of land use 
and treatment, and the antecedent moisture condition obtained for a given watershed, an 
estimate of direct runoff can be computed from the rainfall for that particular watershed. This 
method of estimating direct surface runoff was developed from many years of storm flow 
records obtained from agricultural watersheds in many parts of the United States. The 
principal application of the method is in estimating quantities of runoff in flood hydrographs 
or in relation to flood peak rates (National Engineering Handbook Section 4, 1972). These 
quantities consist o f one or more types of runoff. Four types of runoff are briefly described 
below: (National Engineering Handbook Section 4, 1972)
Channel runoff: Occurs when rain falls on a flowing stream or on the impervious 
surfaces o f a streamflow-measuring installation. It appears in the 
hydrograph at the start o f the storm and continues throughout it, 
varying with the rainfall intensity.
Surface runoff: Occurs only when the rainfall rate is greater than the infiltration 
rate. The runoff flows on the watershed surface to the point o f reference. 
This type appears in the hydrograph after the initial demands of interception.
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infiltration, and surface storage have been satisfied. It varies during the storm 
and ends during or soon after it.
Subsurface flow: Occurs when infiltrated rainfall meets an underground zone of 
low transmission, travels above the zone to the soil surface downhill, and 
appears as a seep or spring. This type is called “quick return flow” because 
it appears in the hydrograph during or soon after the storm.
Base flow: Occurs when there is a fairly steady flow from natural storage. The 
flow comes from lakes or swamps, or from an aquifer replenished by 
infiltrated rainfall or surface runoff, or from “bank storage”, which is 
supplied by infiltration into channel banks as the stream water level rises 
and which drains back into the stream as the water level falls.
There could be one or more types of runoff appearing in a given watershed. Climate 
is one indicator of the probability of the types or type of runoff occurring in a particular 
watershed. In arid regions, the flow on smaller watersheds is nearly always surface runoff, 
but in humid regions it is generally more o f the subsurface type (National Engineering 
Handbook Section 4, 1972). In the Soil Conservation Service method, direct runoff is that 
portion o f runoff which consists o f channel runoff, surface runoff, and subsurface flow in 
unknown proportions. The SCS method estimates direct runoff, but the proportions of 
surface runoff and subsurface flow (channel runoff is ignored) can be appraised by means 
of the runoff curve number (CN). The larger the CN, the more likely the direct runoff 
estimate is surface runoff (National Engineering Handbook Section 4, 1972).
It is often desirable to predict the total volume of runoff which may come from a 
watershed during a design flood. The Soil Conservation Service method uses an equation.
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which also applies to the curves in Figure 10-1 in the SCS manual, as:
{P -  I f
Q = ------------   2-3
where Q= direct surface runoff in inches,
P= storm rainfall in inches.
/„= linitial abstraction, and
S= maximum potential difference between rainfall and runoff in inches, starting
at the time o f the storm’s beginning.
It can be shown by equation 2-3, that runoff decreases as S or infiltration increases. The 
initial abstraction (7^) which consists mainly o f interception, infiltration, and surface storage 
is commonly embodied in the above equation as :
I  = 0.2S, giving
^  (P + 0.85)
The relation between la and S was developed by means of rainfall and runoff data from 
experimental small watersheds.
For convenience in evaluating antecedent moisture, soil conditions, land use, and 
conservation practices, the Soil Conservation Service( 1969) developed a relationship as 
follows;
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s  -  -  10 2.0
Table 10-1 in SCS manual shows curve numbers for the three different antecedent moisture 
conditions, and the values o f S for normal antecedent moisture conditions (AMC II).
2.3 The Different Applications of the SCS Method
Simanton, etal, 1973 partitioned Antecedent Moisture Condition (AMC) class I into 
four subdivisions to analyze data solely within that class. Their analysis, based on data from 
the semiarid Walnut Gulch watershed, suggested that CN increased with increasing 
antecedent moisture.
Hawkins(1978) stated two problems in applying antecedent moisture corrections to 
curve number. First, the relationships are shown as discrete, and not continuous, thus 
implying sudden shifts in CN, with corresponding quantum jumps possible in calculated 
runoff. Secondly, the SCS National Engineering Handbook, Section 4, Hydrology contains 
no background development or statement o f assumptions, “ leaving only appeals to agency 
authority as a foundation for professional beliefs” (Hawkins, 1978). Hawkins developed an 
equation for runoff curve numbers in terms o f site moisture as follows:
^ [ E T -  (P -  Q)]
CW| : curve number at time 1
CN^ : curve number at time 2
ET  : Evapotranspiration (in) 
P : Storm rainfall (in)
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Q : Direct runoff (in)
Hawkins(1979) simplified Figure 10.1 in the SCS National Engineering Handbook, 
Section 4, Hydrology o f rainfall P and runoff Q, for a wide variety o f curve numbers to a 
single curve by standardizing P and Q on watershed retention parameter S by the following 
relationship;
(-ÿ + 0.8)
Hawkins ( 1979) further suggested that a constant CN independent of storm size is not 
appropriate for all situations.
Bosznay (1989) described two questionable constraints of the CN method. The first 
is the introduction and application of an arbitrary parameter called the curve number. 
Bosznay stated that the real meaning o f the curve number, which is watershed storage, is 
somewhat obscure in the SCS literature. Furthermore, the introduction o f a parameter with 
a range o f 0 to 100 may suggest a misbelief that the entirety of this range is available for 
ranking watersheds, but the latest major revision (U.S.Dept of Agriculture, 1975) contains 
no CN’s less than 30. The revised manual also applies a further restriction that if a weighted 
watershed CN is less than 40, another procedure should be used for runoff estimation. The 
second constraint considered by Bosznay was the use o f a predetermined portion o f S for 
initial abstraction, neglecting that its real magnitude is strongly dependent on a number o f 
changing watershed characteristics.
Curve numbers calibrated by means of rainfall - runoff data from reclaimed
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watersheds in central Pennsylvania indicate that presently accepted methods o f determining 
CN values in disturbed watersheds underestimate total runoff for standard design storms by 
as much as fifty percent (Ritter and Gardner, 1991). The increased runoff from these 
watersheds is due to lower infiltration rates on reclaimed-mine soils, attributed to physical 
disruption o f soil structure and compaction o f mine soils during top soil removal, storage, 
and reclamation. Since the initial abstraction (/^) is also affected by lowered infiltration 
rates, the authors recommended that a value of = 0.065 be used instead o f the standard 
SCS /  of0.2S.
Muzik and Pomeroy (1990) found that an initial abstraction of 0.15S was more 
appropriate for watersheds in the Alberta foothills in Canada. With the use of SCS triangular 
hydrograph procedures, and an /^ = 0.155 , they developed an equation for the peak 
discharge as follows:
_ 2 M A {P  -  0.155)2 ^ ^
r  ( f  + 0.855)
where q : Peak discharge in,
p sec
: Time to peak in, hours
A : Drainage area in, km ^
Muzik (1992) described a method for predicting changes in flood frequencies 
resulting from various causes affecting runoff in a watershed. The developed method uses 
the probability distribution o f rainfall depth and physical laws o f runoff to estimate the 
probability distribution of peak discharge.
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Muzik (1993) discovered from a study o f two basins in Thailand that the standard 
SCS method for rainfall abstractions was not applicable. Therefore he had to use a modified 
SCS method for the analysis. Good simulation results were obtained when the modified SCS 
method was applied. In the modified method, the curve number variation in response to five- 
day antecedent precipitation is derived from local data. He also concluded that the use of 
standard SCS tables o f runoff curve numbers in tropical climate may lead to large errors in 
runoff estimates.
A frequency matching technique for determining runoff curve numbers from small 
watersheds was developed by Hawkins ( 1993). In this method the runoff curve numbers for 
watershed data sets were determined for event rainfall by ordering the variables separately 
and re-pairing the individual rainfalls and mnoffs. This technique preserves the assumption 
o f identical return periods for storm rainfall and runoffs. In this study, Hawkins observed 





The standard and violent cases defined a constant CN with increasing rainfall, where as the 
complacent case did not lead to a stable curve number. Hawkins also stated two problems 
that would arise in the application of the curve munber procedure. First, the runoff calculated 
using equations 2-4 and 2-6 is much more sensitive to the CN chosen than it is to the rainfall 
depths. This is unfortunate, since rainfall information is vigorously pursued and widely 
published, while CN ground data are rare. Second, it is difficult to accurately select CN’s
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from the available handbook tables. Soil-defined curve numbers are most successfully 
estimated for traditional agricultural watersheds. Estimations for semiarid rangelands are not 
as successful, and forested watersheds are the least successful (Hawkins 1993).
2.4 A Comparison of the Simple SCS Method to Complex Models
A number o f studies have compared simple and complex models. Results have 
generally shown that simple models are approximately as accurate as complex models. Naef 
(1981) compared six models on three watersheds that were 1.7-120 km- in area. The models 
ranged from the rational formula to a conceptual model. Conceptual models are typically 
lumped, focus on storage of soil water, and are moderately complex but do not utilize partial 
differential equations. All models were spatially lumped, calibrated, and validated on a split 
sample. Results demonstrated that 1) even a simple model could explain a large part of the 
variance of stream flow, 2) some of the simple models were nearly as accurate as the 
complex ones, and 3) both simple and complex models will perform poorly in certain cases.
Loague and Freeze (1985) compared two simple lumped models and a complex 
distributed model on three small catchments ranging from 10 ha to 7.2 km- in area. Using 
calibration (for the simple models) and split sample verification, they found that all models 
performed poorly in prediction o f the flow resulting from a specific historical storm. Model 
performance improved in prediction of the frequency distribution o f peak flows resulting 
from a set o f historical storms.
Wilcox et al. ( 1990) simulated daily and monthly runoff from six small rangeland 
catchments (1.3 - 9.6 ha) using a simple model (the SCS method) and a complex model 
based on the Green and Ampt equation. Parameters for the Green and Ampt model were
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based on readily available soil and vegetation data. On some catchments, the simple model 
was more accurate than the complex one; on other catchments, the opposite result was 
obtained.
Several comparative studies conducted with large watersheds found that runoff is 
simulated more poorly in arid watersheds than in humid ones (World Meteorological 
Organization, 1975; Russell and Miller, 1990).
Refsgaard (1994) applied a lumped conceptual model, a distributed model of 
moderate complexity, and a distributed model of very high complexity to three African 
watersheds ranging from 254 to 1040 km-. Split sample validation showed that all three 
models were quite accurate. In a second type of validation test, parameters were based on 
measurable watershed characteristics and experience gained in calibrating the models on a 
different watershed; no calibration was performed for the test watershed. All models 
performed rather well, but the lumped conceptual model was less consistent. A third type of 
validation test consisted of calibrating the models on a wet period and validating them on a 
dry period. Under these conditions, the lumped conceptual model was more accurate than 
the very complex model which, in turn, was more accurate than the distributed model of 
moderate complexity. In light o f these results, Refsgaard (1994) recommended that the 
lumped conceptual model, being the easiest to apply, be chosen over the other models when 
calibration data are available. In the case of ungaged watersheds, however, he recommended 
that distributed models be used when data on distributed watershed characteristics are 
available. Another conclusion o f the study was that 3-5 years o f data are adequate for 
calibration and that even a single year o f calibration data is valuable. It is also recognized 
that complex models have drawbacks, such as 1) overparameterization in a systems
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identification sense, 2) scale problems that complicate the search for a truly physically based 
description of processes, and 3) high data requirements.
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CHAPTER 3 
MATERIALS AND METHODS
3.1 Description of Study Area
Two, relatively large basins in the south central region o f Sri Lanka were found for 
which daily rainfall and discharge data were available from October 1989 to September of 
1994. The basins are located roughly one hundred and fifty kilometers east of Colombo as 
shown in figure 3-1. The climate of Sri Lanka is tropical, typified by heavy rainfall and 
relatively constant, high temperatures and humidity. Climatological variations are governed 
in general by the advance and recession of the northeast and southwest monsoon air masses 
which control climate throughout southern Asia, although topography has strong local 
influence on climatic conditions in the two basins. Mean annual temperatures range from 60 
degrees Fahrenheit in the mountainous south central portion o f Sri Lanka to 80 degrees 
Fahrenheit throughout the lower lands on the island’s periphery. Mean monthly temperatures 
vary from 57 degrees in the mountainous areas to 87 degrees in the northeast coastal areas. 
Relative humidities are essentially constant throughout the year. They vary only slightly 
from point to point in Sri Lanka, with averages of 70 percent in the inland northeastern area 
and 80 percent in the coastal area. The areal distribution o f average rainfall divides Sri Lanka 
into wet and dry zones. Average annual rainfall over the island varies from over 200 inches 
in the high elevation areas of the wet zone to as little as 25 inches in the coastal regions of
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Figure 3-1 ; The Study Area
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the dry zone. Figure 3-2 presents the distribution of annual rainfall over the island and shows 
the division o f the island into wet and dry zones. The division between the zones is normally 
assumed to correspond to about 75 inches average annual rainfall. The two basins experience 
two periods of rainfall each year, the lighter of which is associated with the northeast 
monsoon, generally occurring from mid- November through March. The heavier period, 
called the southwest monsoon, occurs from mid- May through September.
During the northeast monsoon period, air currents are established beginning on the 
Asian land mass and crossing the Gulf of Thailand and the Bay of Bengal, warming and 
picking up large quantities o f moisture on their way. The portions o f this warm, moist air 
which pass over the warm island surfaces are lifted, as they pass over the island's mountains, 
and deposit their moisture over the entire island. The southwest monsoon air currents are 
generated in the Indian Ocean. This air travels long distances over the Indian Ocean on its 
path to the Asian land mass. En route, large volumes of moisture are absorbed. Saturated air 
within these currents is lifted abruptly by the mountains o f south and central Sri Lanka, and 
deposits most of its moisture over the southwestern sector of the island, which comprises the 
wet zone. Jaffna, in the extreme north of the island, receives most o f its rainfall from the 
northeast monsoon. Watamala, in the higher south central area, is affected by both 
monsoons, although more heavily by the southwest monsoon. Colombo, on the southwestern 
coast, is affected almost equally by both monsoons, as are the two basins, that are the 
subjects of this study.
Although the two basins are adjacent to each other, their land use, land cover and 
topography are somewhat different.
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The Nilwala Ganga basin, located entirely within the wet zone of Sri Lanka, contains three 
hundred and eighty square miles of drainage area at its mouth. The Nilwala Ganga catchment 
area is situated in latitude 6 degrees north. The river, on its forty five mile southerly course 
drops about 3500 feet (1067 meters), flowing into the sea at Matara on the southern coast. 
An estimated sixty percent of the Nilwala Ganga basin is cultivated, with rice, tea, rubber 
and coconut predominating. Rice paddies within the basin cover an estimated forty thousand 
acres(62.5 square miles), of which nearly twenty thousand acres in the lower basin are 
subjected to recurrent damage by flooding. The catchment area o f the Nilwala Ganga, which 
is located at the southern extremity o f the island, directly receives the flow o f the southwest 
monsoon. On the other hand, the effect of the north-east monsoons, owing to the relief in the 
middle of the island, is considerably attenuated. One thus observes the minimum rainfall 
values during the November-March period. However, at the beginning of this period, 
typhoons can appear along the edges of the monsoon front and reach the Nilwala Ganga 
catchment area, causing heavy flooding. Average annual rainfall in the basin is one hundred 
and twenty inches, ranging from eighty inches on the coast to one hundred and eighty inches 
in the headwaters. The south-west and north-east trade winds, after covering a long distance 
over the Indian Ocean, maintain a practically constant temperature over the zone. The 
following table indicates the monthly averages established over thirty years at the Galle and 
Ratnapura climatological stations which are representative o f the Nilwala Ganga region.
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Table 3-1 : Average montlily temperatures in degrees Celsius.
STATION January February March April May June
GALLE 25.8 26.3 27.0 27.4 27.4 26.9
RATNAPURA 26.8 27.4 27.9 28.0 27.7 27.1
STATION July August September October November December
GALLE 26.4 26.4 26.6 26.2 26.1 26.6
RATNAPURA 26.9 26.9 26.9 26.7 26.7 27.1
Source:Nilwala Ganga Flood Protection Scheme Phase 2, October 1981 
Evaporation also varies little throughout the year. The following table gives, by way o f an 
indication, the values measured at Colombo (Nilwala Ganga Flood Protection Scheme Phase 
2, October 1981).
Table 3-2: Average monthly pan evaporation in millimeters.
STATION January February March April May June
COLOMBO 116.8 117.6 132.8 126.5 111.8 111.2
STATION July August September October November December
COLOMBO 117.6 131.3 121.9 98.3 97.3 111.5
Source: Nilwala Ganga Flood Protection Scheme Phase 2, October 1981 
The Gin Ganga basin is located entirely within the wet zone o f southwestern Sri Lanka. It 
contains approximately three hundred and forty square miles o f drainage area. The river, 
seventy miles long, drops from an elevation of 4000 feet (1200 meters) to sea level at its 
mouth near the major city o f Galle. Approximately one half of the basin area is cultivated, 
primarily in paddy, rubber and tea. Total paddy area in the basin is estimated to be thirty five 
thousand acres(55 square miles), o f which about one half is downstream in areas subject to 
frequent damaging by flooding. Average annual rainfall over the basin is about two hundred 
inches, ranging from two hundred and fifty inches at the higher elevations to one hundred 
and sixty inches in the coastal regions. The average monthly temperatures, and evaporations
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
28
for the Gin Ganga basin are nearly the same as for the Nilwala Ganga basin. The following 
table indicates the reference crop évapotranspiration calculated by the radiation and Blaney- 
Criddle methods for Galle, which represents both Gin Ganga and Nilwala Ganga basins 
(Land and Water Use Division, Sri Lanka, 1976).
Table 3-3: Reference crop évapotranspiration, millimeters per day
Method January February March April May June
Radiation 4 4 4.5 4 4 4
Blaney Criddle 4 4 4 4 4.5 4.5
Method July August September October November December
Radiation 4 4 4 4 3.5 3.5
Blaney Criddle 4.5 4.5 4.5 4 4 4
3.2 Description of the gauging stations
The Nilwala Ganga at Pittabedara discharge gauging station is located on the left 
bank at approximately river mile twenty two measured downstream from headwaters. The 
Nilwala Ganga drains about 332 square kilometers (128.5 miles’) at this point. Control at 
the gauge is normally provided by the relatively stable, straight reach downstream from the 
gauge, although it appears that during high flows it may move upstream into the sharp bend 
at which the gauge is located. Records for the gauge are maintained by the Irrigation 
Department. The gauging station is located eleven miles from Akuressa along the Matara- 
Akuressa-Hiniduma road as shown in Figure 3-3. The distance from Colombo to Akuressa 
is approximately ninety five miles. A summary o f monthly and annual runoff during the 
period from October 1989 through September 1994 is presented in Table 3-4.
The approximately 985 square kilometer (380 miles’) Nilwala Ganga basin area presently 
contains nearly ten non-recording daily rain gauges. Table 3-5 presents elevation, length o f












Figure 3-3: The Watershed Map 
for Nilwala Ganga & Gin Ganga
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Table 3-4: Total monthly and annual ru n o ff fo r  Pittabedara 
at Nilwala Ganga basin 
Runoff in, inches
Water Year
1989-1990 1990-1991 1991-1992 1992-1993 1993-1994
October 4.55 9.98 7.82 11.83 11.12
November 10.77 4.95 2.49 4.15 11.61
December 1.83 2.97 0.88 1.61 4.70
January 0.88 1.19 0.41 1.85 3.59
February 3.56 0.60 0.17 2.06 1.28
March 3.22 2.38 0.90 2.89 3.01
April 8.04 1.63 4.80 36.50 7.16
May 4.32 6.39 5.43 14.22 1.71
June 3.48 2.55 4.17 9.23 2.24
July 0.91 3.50 2.45 2.39 2.07
August 0.11 0.82 3.96 1.42 6.95
September 3.73 6.44 5.93 12.85
otal Annual
Runoff 45.41 43.61 39.43 101.02 55.44
Table 3-5: Nilwala Ganga Basin Rainfall Gauging Stations
Elevation Length of Average Annual
(feet) record Precipitation (in)
Mawarella SOO.OO 1926-present 98.40
Aningkanda 1200.00 1989-present 170.90
St. Augustine 900.00 1990-present 84.90
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record, and the average annual precipitation for each of the gauges used in this study. Three 
o f these rainfall gauges located at Aningkanda, Mawarella, and St. Augustine estates were 
used in this study.
The Gin Ganga at Agaliya discharge gauging station is located on the left bank at 
river mile twelve and half downstream from the headwaters, in the vicinity o f Agaliya. The 
Gin Ganga drains approximately 682 square kilometers (263 miles-) at this point. The 
Agaliya gauge control reach is alluvial, but relatively straight and uniform and appears to be 
stable. Flow past the gauge appears to be confined to the main channel, with no flow 
bypassing the gauge. The measuring station is located two and half miles from Baddegama, 
and approximately seventy miles from Colombo. A summary o f monthly and annual runoff 
during the period from October 1989 through September 1994 is presented in Table 3-6. 
Two non-recording daily rainfall gauges were used in the study for Gin Ganga basin. Table 
3-7 presents elevation, length of record, and the average annual precipitation for each o f the 
gauges used in this study.
3.3 Rainfall and River Discharge Methods
Rainfall records are for the most part collected by tea and rubber estate staffs. In view 
of the importance of rainfall to both tea and rubber estate operations, the records are 
considered to be complete and reliable by the Department o f Meteorology, Sri Lanka. 
Rainfall is recorded manually using ordinary rainfall recorders at all six gauging stations. 
The gauge is normally read each day at 0900 hrs (Department o f Meteorology, Sri Lanka, 
1987). The precipitation is recorded as millimeters o f “rainfall” over a 24 hour period.
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Table 3-6: Total monthly and annual runoff for Agaliya 
at Gin Ganga basin 
Runoff in, inches
1989-1990 1990-1991
W ater Year 
1991-1992 1992-1993 1993-1994
(in) (in) (in) (in) (in)
October 13.84 8.36 15.24 14.46 21.42
November 18.69 17.17 15.49 19.96 17.64
December 7.20 8.98 4.32 6.73 13.37
January 2.68 9.37 2.65 1.10 9.02
February 1.36 2.43 0.86 1.25 3.01
March 6.15 3.36 0.56 0.95 2.22
April 6.84 6.87 1.86 3.71 3.29
May 15.25 9.01 12.95 21.77 13.65
June 7.96 21.30 15.67 22.33 7.13
July 8.74 5.05 9.01 15.94 3.57
August 1.74 5.48 3.75 1.60 3.97
September 0.54 1.29 9.42 2.43 12.41
btal Annual
Runoff 90.99 98.63 91.78 112.25 110.70
Table 3-7: Gin Ganga Basin Rainfall Gauging Stations
Elevation Length of Average Annual
(feet) record Precipitation (in)
Baddegama 500.00 1989-present 111.00
Arpthorpe 650.00 1989-present 108.90
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Normally water levels are read during day hours, and night readings are not done as
automatic water level recorders have been installed in these two basins. Discharge
measurements were made with current meters in order to develop rating curves. There are
no winches fitted to cable ways for flood measurements. Therefore measuring crews use a
boat to cross the river when current metering is done at safe levels. Current meters normally
consist of a propeller attached to a hydrofoil section (Chow , et al, 1988). The number of
revolutions of the propeller in a given time is then proportional to the stream velocity. Rating
curves are extrapolated to estimate flows during extreme flood conditions. These rating
curves are updated every three to four years instead of every year due to a limited schedule
of current measurements (Department o f Irrigation, Sri Lanka). The discharge is recorded
as an average flow in cumecs ( - ^ )  over each 24 hour period.
sec
3.4 Description of the rainfall-runoff methods
3.4.1 Soil Conservation Service Method (SCS)
The curve number technique of the United States Department of Agriculture (USDA) 
Soil Conservation Service is widely used to estimate runoff volume from rainfall depth. The 
runoff relation was developed by assuming that the ratio o f runoff to rainfall excess is equal 
to the ratio of water retained during runoff to the potential amount that could be retained 
during an extremely long storm.
This relation can be expressed as;
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in which S  = Potential maximum retention; (in)
Q = Actual accumulated runoff; (in)
P = Potential maximum runoff; (in)
I  = Initial abstraction
a
Algebraic manipulation results in the runoff equation as follows;
( P - I ^ y s  3-2
The potential maximum retention, S, depends upon the soil type, the cover and cultivation 
practice, and upon the antecedent moisture conditions. The initial abstraction was taken as 
I  = a5  in this study resulting in the following equation; where a  is a fraction less than 1
E+5’(l-cc)
Traditionally the SCS has used an antecedent rainfall index to estimate three antecedent 
moisture conditions ( I-dry, Il-normal, and Ill-wet). The relation between rainfall and runoff 
for these three conditions is expressed as a curve number, CN. To predict runoff with 
equation 3-3, the curve number is related to the retention parameter with the equation ;
The 11- condition curve number is determined for a watershed by considering soil types and
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agricultural practices as described in Section 3.6. The I and Ill-condition curve numbers were 
computed using equations 2-1 and 2-2 respectively. The precipitation from each rainfall 
gauging station was assumed to uniformly represent the drainage area. The daily runoff was 
predicted from daily rainfall using Equation 3-3 for different a ’s for each rainfall gauging 
station. The predicted daily runoff was converted to a volume of runoff using the respective 
drainage areas, and accumulated for the four year period. The predicted cumulative runoff 
volume and the observed cumulative runoff volume were plotted against the time, and the 
coefficient o f determination was computed to estimate the “goodness” (fraction of variance 
explained) o f the model by the following equation
Y  : Periodic runoff volume
e
Y  : Mean o f observed runoff volume
Y : Observed runoff volume
A dimensionless hydrograph was generated using time to peak (f ) and the peak discharge 
(q^) for these different antecedent moisture conditions using the following equations.
D - ,3-6
= The time from the beginning o f rainfall to peak discharge (hr)
D = The duration of rainfall (hr)
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= The lag time from the centroid of rainfall to peak discharge (hr)
An estimate of tlie lag time, which was developed by SCS (1972) from research watershed 
data, encompasses the curve number as follows.
I = Hydraulic length of watershed; (ft)
S  = The potential maximum retention; (in)
y  = Average watershed slope in percent.
The time of concentration (t^) may be estimated using the empirical relation; (SCS,1972)
t,
t = - L  3-8
0.6
The duration of rainfall D can be related to time of concentration as follows;
D  = 0.133 3-9
The peak discharge, qp, for the hydrograph is computed from (calculated in equation 3-6) 




= Peak discharge (cfs)
A = Drainage area ( square miles)
= The time to peak (hr)
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
37
3.4.2 HEC-1
The HEC-1 model developed by the U.S.Army Corps of Engineers, Hydrologie 
Engineering Center was also used for converting precipitation to direct runoff. HEC-1 uses 
parameters averaged in space and time to simulate the runoff process. Inputs to the model 
are organized into three major types of data :
1) Job description and initialization data.
2) Hydrograph calculation data.
3) Economic analysis data.
In this study, the economic analysis data category was omitted from the input data set. 
Synthetic storm hyetographs developed by the U.S.Department o f Agriculture, Soil 
Conservation Service (1985) were used to generate Type I, Type II, and Type III design 
storms for a 24-hour, 5-year return period rainfall for each gauging station. The Type I 
distribution was generated for the Pacific maritime climate with wet winters and dry 
summers. The Type III distribution was generated for the Gulf of Mexico and the Atlantic 
coastal areas, where tropical storms result in large 24-hour rainfall. Type II is used for the 
remainder of the nation (Chow, et al 1988). A Type III rainfall pattern established for the 
Gulf coast of the U.S. is probably the most similar to temporal rainfall distributions in Sri 
Lanka. These synthetic storm hyetographs were used as cumulative precipitation time series 
(PC) as inputs to the model. The SCS curve number loss rate (LS) and the SCS 
dimensionless unit graph (UD) were also used as inputs into the model. The model was run 
for each rainfall gauging station using the drainage area, and a weighted average curve 
number computed as described in Section 3.6. The model was again run for each rainfall
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gauging station, but changing a  in the loss rate (aS ). The PC version o f HEC-1 used was 
compiled for Intel X86 microprocessors, and ran on a 133 MHz Intel Pentium(r) computer 
running the MSDOS V 6.22 operating system. A summary of the results and a description 
o f the HEC-1 input parameters are shown in Tables A3a-A3f in Appendix A3.
3.4.3 Frequency Analysis
Frequency analysis is a statistical method commonly used to analyze a single random
variable. A frequency distribution is a generalized cumulative probability density function
o f known shape and range of values. Statistical computations of frequency curves are
independent of how the sample data are plotted, so therefore the data were plotted along with
the calculated frequency curve to verify that the general trend of the data reasonably agrees
with the frequency distribution curve. Most plotting position formulas are represented by the
following form (Chow, et al, 1988).
P P  = ^  ~ ^  3-11
« + 1 - 2 b
where PP  = The plotting position for a value in percent
m = The ordered data (largest to smallestfor maximum values and smallest 
to largest for minimum values). 
n  = The size o f the data sample 
b = Constant, values shown in Table 3-8
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Cunnane(1978) studied the various available plotting position methods. For normally 
distributed data, he found that the Blom(1958) plotting position (a = b = 3/8) is closest to 
being unbiased, while for data distributed according to the log-Pearson type III distribution 
the optimal value of b was larger than 3/8 when the data is positively skewed, and smaller 
than 3/8 when the data is negatively skewed. For extreme value type I distribution, the 
Gringorten(1963) formula (b = 0.44) is the best. In this study, the extreme value type I 
distribution and the log-Pearson type III distributions were used to verify the general trend 
of the data with the frequency distribution curve for monthly maximum events. The 
frequency analysis was first done with the calculation from the data of the statistical 
parameters required for a proposed probability distribution by the method of moments.
The procedure used for the development o f log-Pearson type III and extreme value type 1 
distribution is as follows.
a) The data was ranked from largest (m = 1), to smallest (m = n), as shown in columns I and 
2 of Tables A2 in Appendix A2.
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b) Blom’s plotting formula with b>3/8 for positively skewed and b<3/8 for negatively 
skewed, and b = 0.44 for extreme value distribution was used.
c) The exceedence probability p was computed using equation 3-11 as shown in column 3 
o f Tables A2 in Appendix A2.
d) The corresponding value o f the standard normal variable z was computed using the 
following equation (Chow, et al, 1988). The results shown in column 5 of Tables A2 in 
Appendix A2.
, 2.515517 + 0.802853W + 0.010328w^ . ,
Z  = W -  (----------------------------------------- :--------------------r) 3-12
1 + 1.432788W + 0.189269w^ + 0.001308w^
1 I
where w = [ In (—-)
^  1 
p = exceedence probability ( = — )
T = return period.
e) The frequency factor was computed using equation 3-13 and 3-14 for log-Pearson type 
III and extreme value type I distribution as follows. The results are shown in Tables A2 in 
Appendix A2 columns 6 for Type III and column 7 for Type I respectively.
When C^^O,K^ is approximated by Kite (Chow, et al, 1988) for log-Pearson Type III 
distribution as; '
= z + (z^ -  l)k  + -(z^  -  6z)k^ -  (z^ -  l)k^ + zk'^ + - k ^ ;  3-13
C
where k = —- ; C ; the coefficient o f skewness.
6 '
For an extreme value Type I distribution
= :^ ( 0 .5 7 7 2  + l n [ l n ( ^ ^ ) ] )  ; 3-14
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f) The event magnitude with the same exceedence probability in the fitted distribution is 
found using the frequency factor method in the following equation. The results shown in 
column 8 of Tables A2 in Appendix A2.
y ^  = y  + K ^ s  3-15
=the random variable value at a selected exceedence probability. 
y  = the sample mean. 
s = the sample standard deviation.
= the standard deviate or the frequency factor.
g) The observed data are plotted against the fitted curve in Figures 4-8 through 4-14 for all 
gauging stations, in which the return period is used as the horizontal axis to linearize the plot.
3.4.4 Empirical Investigation Curve Number Technique
Hjelmfelt’s (1980) empirical investigation of curve number technique uses pairs o f 
measured rainfall and runoff amounts corresponding to the same recurrence probability, 
rather than pairs from the same events. In this study monthly maximum rainfall and runoff 
were used, instead of maximum annual rainfall and maximum annual stream flowpeaks. The 
rainfall and runoff event-volumes were ordered by magnitude, and fitted as described in the 
frequency analysis section. The fitted rainfall distribution was then transformed into runoff 
using equation 3-3 for different a ’s and curve numbers. The results were plotted and 
coefficient o f determinations ( r^)  for different a ’s, and curve numbers were calculated to 
observe the general trend of the predicted runoff volume to the observed runoff volume.
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3.4.5 Frequency Matching Method
Hawkins (1993) used the same technique described by Hjeimfelt (1980), called the
frequency matching method, to analyze rainfall and runoff from gauged watersheds. In this
method the rainfall depths and the runoff depths are sorted separately, and then realigned on
a rank order basis to form P:Q pairs of equal return periods. The objective of Hawkins (1993)
teclinique was to determine an average curve number. This was accomplished by solving
equation 3-3 via the quadratic formula for S.
For example when a  = 0.2; and (0 < 0  < P )
2
S = 5(P + 2Q -  [4Q^ + 5Pg]^); Hawkins (1993) 3-16
The result obtained for S, the potential maximum retention was then converted to CN via 
equation 3-17 as follows.
In this study daily rainfall and runoff was used to generate P-CN (rainfall-curve number) 
relationships. For missing rainfall data the corresponding runoff was excluded for analysis 
in the study. Hawkins describes the standard behavior as the most common scenario in which 
the CN’s approach and/or maintain a near-constant value with increasingly larger storms. 
Hawkins fitted the standard response according to the following equation.
CN{P) = C #  + (100 -  C N J  exp( -k^ P) 3-18
CN^ = constant value approached as P  
k = fitting constant
P  = rainfall (in)
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The curve numbers generated from equation 3-18 were used to compute the predicted runoff 
using U.S. Soil Conservation Service method. The computed predicted runoff was then 
compared with the observed runoff to analyze the goodness of the model.
3.5 Land Use and Soil Classification
In terms o f land-use, a clear contrast could be observed between Sri Lanka’s dry zone 
and wet zone. The wet zone has nearly 80 per cent o f its area under some form o f utilization, 
whereas about 70 percent o f the dry zone is unutilized or marginally used for shifting 
cultivation.
Estimates of cultivation extent under different types of land use based on aerial 
surveys conducted in 1983 and published in November of 1986, show that the study area as 
a whole had about 73 per cent of the area under agricultural land uses and homestead 
gardens. Forests, grasslands, scrub land, swamps, marshes and inland water bodies account 
for approximately 25 percent of the total area as shown in Tables 3-9 and 3-10 . The 
computations o f the land use summary presented in Tables 3-9 and 3-10 can be found in 
Tables A lh  and A ll in Appendix A l.
The soil classifications referred to in Figure 3-4 are based on edaphic differences of 
a general nature over relatively large areas. Figure 3-4, labeled “Sri Lanka Generalized Soils 
Map” published by the Survey Department of Sri Lanka in 1983 was reproduced to show the 
study area and its pertaining soils types. This Figure was used in lieu o f  an extensive soil 
survey conducted by the Sri Lanka Department of Irrigation, Land Use Division for the 
lower regions o f Gin Ganga, and Nilwala Ganga basins were outside the drainage areas of
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this study. The study area mostly consists o f Red Yellow Podzolic soils, Reddish Brown 
Earths, and Regosols as shown in Figure 3-4. The percentage of the hydrologie soil groups 
for both basins can be found in Appendix 2, Table A2a.
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REDDISH B R O W N  EARTHS  
•U S  RED YELLO W  PO D ZO LIC  SOILS  
REGOSOLS
Figure 3-4: A Generalized Soils Map of Sri Lanka
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3.6 A Description of the Soil Types
3.6.1 Red-Yellow Podzolic Soils:
These soils have developed on a variety of parent materials. They are mainly 
residuals from Archaen rocks, colluvium derived from such residuals, or old alluvial 
sediments o f river terraces. Relief on the whole seems not to be a very important factor in 
the formation of these soils and the topographic situations in which they are found may vary 
from nearly flat to mountainous. The Department o f Irrigation, Land Use Division o f Sri 
Lanka states that “ the red-yellow podzolic soils are very deep (more than 2 meters deep), 
well drained soils with a dark yellowish brown to brown medium textured top soil underlain 
by a brown to yellowish brown and sometimes reddish brown moderately fine textured 
subsoil. The reaction o f the soils are strongly acid (PH range 4 to 5). The moisture holding 
capacity of the soil is about 8 to 10 percent. Given a average évapotranspiration demand of 
about 4 to 5 mm per day a 1.2 meters deep soil could supply moisture for 20-30 days. The 
erodability factor is estimated to be 0.22 which makes the red-yellow podzolic soils the most 
stable soil in Sri-Lanka. In the Soil Taxonomy (USDA staff, 1975) this soil is classified as 
a Palouse at the great group level.” The red-yellow podzolic soil is classified as a type “B” 
hydrologie soil group in the SCS manual.
3.6.2 Reddish Brown Earths:
These soils occur in a narrow bank alongside the main Nilwala river and its main 
branches in the upstream reaches. These soils are generally fme-textured, containing a high 
amount o f silt and are generally brown in color in the well drained soils. These soils can be
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classified as type “A” in the hydrologie soil group.
3.6.3 Regosols:
The regosols are yoimg soils in early stages of soil profile development. They are 
coarse-textured and are moderately well-drained to well-drained soils, and grey to brownish 
grey. Groundwater tables are present at relatively shallow depths of around 1 -3 meters in the 
well drained locations. The regosols can be classified in the hydrologie soil group as type 
“A” soils.
3.7 Weighted Average Curve Numbers
A composite curve number (CN) calculations for both drainage areas having more 
than one land use, treatment, or soil type can be found in Tables A2b, and A2c in Appendix 
A2.
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C H A P T E R  4
RESULTS AND DISCUSSION
Hydrologists are concerned with the amount of runoff generated in a watershed for 
a given rainfall pattern, and attempts have been made to statistically analyze historical 
rainfall, evaporation, and stream flow data to develop predictive relationships. Factors such 
as antecedent rainfall, soil moisture, variable infiltration, and variable runoff response with 
seasons make the development of such relationships difficult (Chow, et al 1988). This 
chapter presents the results and a discussion of the rainfall-runoff prediction methods, 
including watershed yield, frequency analysis, and a sensitivity analysis. These prediction 
methods are described in Chapter 3.
A descriptive statistical summary o f the rainfall and runoff data for all gauging 
stations are presented in Tables 4-1 and 4-2.
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Table 4-1 : Descriptive statistics for the Nilwala Ganga basin, in mm
Aningkanda Mawarella St.Augustine Pittabedara^
Average dailv mean 12.29 8.05 7.73 4.01
Standard deviation 23.22 20.87 17.34 11.53
Variance 539.36 435.69 300.69 132.99
Kurtosis 12.84 35.36 27.60 637.68
Skewness 3.14 5.21 4.62 22.49
Minimum 0.0 0.0 0.0 0.07
Maximum 208.8 228.3 150.60 368.67
Sum 21700.8 12497.7 10145.30 7325.63
Correlation matrix
Aningkanda 1.00 0.412 0.441 0.257
Mawarella 0.412 1.00 0.356 0.098
St.Augustine 0.441 0.356 1.00 0.227
Pittabedara 0.257 .098 0.227 1.00
^  d isc h a rg e  g a u g in g  s ta tio n
Table 4-2: Descriptive statistics for the Gin Ganga basin, in mm
Arpthorpe Baddegama A saliva!^
Average dailv mean 9.28 7.85 6.70
Standard deviation 18.37 19.18 8.00
Variance 337.52 367.98 64.06
Kurtosis 16.16 32.32 6.94
Skewness 3.53 4.85 2.30
Minimum 0.0 0.0 0.0
Maximum 160,70 220.80 56.54
Sum 13,841.9 14101.7 12.237.64
Correlation matrix
Amthome 1.00 0.410 0.290
Baddegama 0.410 1.00 0.200
Agaliva 0.290 0.200 1.00
^  d isc h a rg e  g a u g in g  sta tion
The correlation matrix in Tables 4-1 and 4-2 indicates that rainfall at one station 
explains less than 40% of variance at other stations.
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4.1 Rainfall-Runoff Prediction Methods
As discussed in Chapter 2, several methods have been proposed to predict runoff 
from rainfall. The following methods were used in this study.
1) Soil Conservation Service Method.
2) Empirical Investigation of Curve Number Technique by Hjeimfelt (1980).
3) Asymptotic Determination o f Runoff Curve Numbers from Data by Hawkins
(1993).
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4.1.1 Soil Conservation Service Method.
Table 4-3, summarizes input data and derived output data in the two basins. 
Table 4-3: Watershed characteristics and results from the SCS method.
GIN GANGA NILWALA GANGA
Watershed area (miles’) 340.40 380.60
Drainage area (miles^) 263.00 128.50
Length of the river (miles) 70.00 45.00
Elevation drop (feet) 4000 to sea level 3500 to sea level
Avg watershed slope (%) 4.20 6.30
Soil Groups
A(%) 0.00 69.00
B(% ) 100.00 31.00
Weighted avg curve number. 70.50 54.80
C N I 50.00 33.80
CN III 84.60 73.60
Lag time (hr) 23.19 19.86
Time o f concentration (hr) 38.73 33.17
Potential maximum retention 4.20 8.25
Time to peak (hr) 25.69 22.07
Peak flow (cfs) 4955 2818
The results in the last five rows of Table 4-1 are computed using average antecedent 
moisture conditions (AMC II). Figures 4-1 and 4-2 show the derived dimensionless unit 
hydrographs for the three antecedent moisture conditions in the Nilwala and Gin Ganga
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basins. A computation o f the lag time, time of concentration and the development of the 
SCS dimensionless unit hydrograph can be found in Appendix 2. Predicted runoff in the 
Gin Ganga was approximately half that of predicted in the Nilwala Ganga.
There was a strong dependence on antecedent moisture condition with AMC III 
runoff being 2.5-2.S times higher than AMC I, in both basins. AMC II peak runoff was 
2.5 times higher than AMC I in the Gin Ganga and 3 times higher than AMC I in the 
Nilwala Ganga.
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Figure 4-2 : D imensionless unit hydrograph derived from watershed characteristics fo r Gin Ganga basin.
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The raw data for these gauging stations may be found in Tables A la-A lg  in Appendix A l. 
The Soil Conservation Service method discussed in Chapter 3 was analyzed in two different 
categories as follows:
A) Prediction o f  runoff using point precipitation.
B) Prediction o f runoff using areal precipitation.
4.1.1-A Prediction of runoff using point precipitation.
Precipitation events are recorded by gauges at specific locations. In this study three 
rainfall gauging stations were used for Nilwala Ganga basin and two for Gin Ganga. Runoff 
was predicted for each rainfall gauging station using the corresponding weighted average 
curve number for the area o f that subbasin. The results obtained for each rainfall gauging 
station were compared to the observed runoff. A comparison of the cumulative predicted 
runoff volume to the cumulative observed runoff volume for different initial abstractions and 
for antecedent moisture condition II is shown in Figures 4-3 through 4-7. The tabulated 
results were not included in this report due to the large amounts o f data points. The 
computation for this analysis is similar to the procedure used in Section 4 .l.I-B , and 
illustrated in Table A2h in Appendix A2.
Tables 4-4 and 4-5 show the coefficients of determination for the predicted values vs 
the observed values for different initial abstractions in the two basins.
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Table 4-4: Coefficient o f determination ( r^) at CN 11= 54.8 for Nilwala Ganga basin.
Aningkanda Mawarella St.Augustine
Initial abstraction, i
0.050S 0.58 0.52 0.38
0.089S 0.83*
0.1 OOS 0.85 0.82 0.57
0.112S 0.92*
0.128S 0.91*
0.150S 0.74 0.61 0.81
0.200S 0.59 0.55 0.61
* Optimum value of /^computed by the least squares estimation.










* Optimum value of I  computed by the least squares estimation.
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Runoff simulated using the SCS method for the five years o f record for each watershed 
explained at least 50% of the observed variance for all initial abstractions except at 5% and 
10% of the potential maximum retention for Gin Ganga basin, and for 5% initial abstraction 
at St. Augustine Estate for Nilwala Ganga watershed. The predicted runoff for the five years 
of simulation explained 99% of the variance at the optimum 7^  for both rainfall gauging 
stations in the Gin Ganga watershed. Although, the Aningkanda and St.Augustine rainfall 
gauging stations produced revalues above 90%, the Mawarella estate gauging station 
explained only 83% of the variance at the optimum initial abstraction for Nilwala Ganga, 
indicating that this gauging station may not be as good a predictor of runoff as the 
Aningkanda or St.Augustine stations. The SCS model performed well over the period of 
interest when optimum initial abstractions were used. Optimum values were exceedingly 
different in the two basins, in the 0.228- 0.235S range for the Gin Ganga, and in the 0.112- 
0.128S range for the Nilwala Ganga. In neither basin did the standard I^of 0.2S yielded the 
best fit to the observed runoff.
4.1.1-B Prediction of runoff using areal precipitation.
For most hydrologie analyses, it is important to know the areal distribution of 
precipitation. Usually, average depths for representative portions of the watershed are 
determined and used for this purpose. In this study the total monthly rainfall recorded by the 
Thiessen Polygon method in the data sheets provided by the Department o f Irrigation was 
used to predict runoff. These total monthly rainfalls were averaged from four rainfall gauging 
stations in the two basins. Total monthly average rainfall at Agaliya in Gin Ganga and 
Pittabedara in Nilwala Ganga were estimated from the following stations:










The predicted runoff was computed using the SCS formulas as described in Chapter 3. Table
4-6 shows tire r ^  values for different initial abstractions using antecedent moisture condition
II. The results are also shown in Figures A4a and A4b in Appendix A4. A sample o f the
calculations can be found in Tables A2h and A2i in Appendix A2.
Table 4-6: Coefficient of determination (r^) predicted monthly runoff for Nilwala & Gin 
Ganga basins:
NILWALA GANGA GIN GANGA







The SCS method does a very good job in predicting cumulative runoff from monthly rainfall
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data for both basins as can be shown from values in Table 4-6. The computed weighted 
average curve numbers for both drainage areas can be authenticated by the results from Table 
4-6. Large drainage basins often react differently from smaller ones when subjected to a 
precipitation input (Chow 1964). In this study one can observe the areal distribution o f 
precipitation produces better predictions o f runoff results than using rainfall events at 
specific location as input.
4.1.2 Empirical Investigation of Curve Number 
Technique by Hjelmfelt (1980).
The curve number relation was investigated as a transformation from the frequency 
distribution for rainfall to that for runoff as described in Chapter 3. The log-Pearson type III 
distribution was used for the transformation as explained later in the frequency analysis 
section. Tables 4-7 and 4-8 show the values for CN II, and different initial abstractions. 
The empirical curve number used in the calculations for the Gin Ganga basin was 70.50. For 
Nilwala Ganga basin, the number was 54.8.
Table 4-7: r"  values for Nilwala Ganga basin using Hjelmfelt (1980) technique.
Aningkanda Mawarella St.Augustine
Initial abstraction, I' a
0.050S 0.76 0.82 0^6
O.IOOS 0.75 0.84 0.84
0.150S 0.73 0.85 OjW
0.200S 0.69 0.86 0.76
0.250S 0.64 0.87 0.70
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Runoff simulated using the empirical investigation of curve number technique for 
monthly maximum data was within 60% of the observed values for all initial abstractions. 
Furthermore the model produced consistent r^  values over a range o f  1„ ‘ s for each gauging 
station compared to the results using daily data in Tables 4-4 and 4-5 for the standard SCS 
method. Hjelmfelt (1991) also investigated the curve number procedure using the same 
transformation. In this application the maximum potential retention versus the exceedence 
probability were plotted for different initial abstractions as shown in Figures A4c through 
A4ak in Appendix A4. The 10%, 50%, and 90% values from the frequency distribution 
corresponds to AMC I, AMC II, and AMC III respectively. The value o f S (potential 
maximum retention) was computed using equation 4-1 for different initial abstractions. The 
Weibull plotting formula was used to plot the observed data against the fitted curve. A 
lognormal distribution was fit to the values to give the line shown on Figures A4c through 
A4ak. The mean of the logarithms was taken to be representative of AMCII. The Soil 
Conservation Service illustrates an example o f the curve numberdeterminationfrom rainfall- 
runoff data using annual floods at Amicola Creek, Georgia. The curve number that divides
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the plotting into two equal numbers of points (the median) is associated with AMC II. 
Furthermore, it states that AMC I and AMC III are defined by enveloping curves (NEH 
(“Hydrology” 1985)). In this study monthly maximum values of rainfall-runoff were used 
instead o f annual maximum data to compute S. The corresponding CN’s for the three 
antecedent moisture conditions can be found in Tables 4-9,4-10, and 4-11. The coefficients 
of determination, r^  were obtained from applying the corresponding I^  and CN values to the 
standard SCS model described in Section 4.1.1.
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Table 4-9: The converted CN values from Figures A4c-A41 for Nilwala & Gin Ganga 
basins.
AMC I AMC II AMC III
Initial Abstraction, I^ .05 .10 .15 .20 .25 .05 .10 .15 .20 .251 .05 .10 .15 .20 .25
Gin Ganga 23.2 33.3 33.3 33.3 33.3 59.5 65.8 71.4 66.7 66.7j 90.9 91.7 90.1 90.1 91.7
r^ 0.46 0.51 0.48 0.46 0.45 1.0 0.98 0.95 0.99 i.oj 0.79 0.79 0.80 0.80 0.79
Nilwala Ganga 35.7 38.5 40.0 43.5 45.5 45.4 50.5 52.6 55.5 57. ll
I
76.9 81.9 80.0 83.3 84.7
r^ 0.80 0.78 0.73 0.75 0.75 0.98 0.97 0.97 0.97 0.97j 0.72 0.70 0.71 0.70 0.69
Table 4-10: The converted CN values from Figures A4m-A4v for Gin Ganga basin.
AMC I AMC II AMC III
Initial Abstraction, I,, .05 .10 .15 .20 .25 .05 .10 .15 .20 .25! .05 .10 .15 .20 .25
Arpthorpe Estate 35.7 43.5 50.5 55.5 58.8 71.9 75.7 77.5 79.4 80.6j 93.0 93.3 93.4 93.8 94.3
r: 0.43 0.48 0.86 0.87 0.66 0.44 0.45 0.48 0.58 0.82| 0.82 0.81 0.81 0.86 0.92
Baddegama Estate 35.7 43.5 50.2 55.5 58.8 71.4 75.8 78.1 78.7 80.6j 92.6 93.3 93.6 94.1 94.3
r 0.43 0.50 0.93 0.82 0.65 0.43 0.46 0.50 0.62 0.85; 0.74 0.76 0.77 0.82 0.87
Table 4-11 : The converted CN values from Figures A4w-A4ak for Nilwala Ganga basin.
AMC I AMC II AMC III
Initial Abstraction, 1^ .05 .10 .15 .20 .25 .05 .10 .15 .20 .25 .05 .10 .15 .20 .25
Aningkanda Estate 19.2 26.3 33.3 37.0 41.7 45.5 53.2 58.1 60.6 65.3; 89.3 90.1 91.6 91.7 92.4
r 0.63 0.63 0.56 0.53 0.52 0.46 0.85 0.77 0.62 0.5&: 0.61 0.61 0.60 0.60 0.59
Mawarella Estate 23.3 31.3 37.0 41.7 47.6 57.1 62.5 66.7 70.4 72.5: 86.9 90.1 91.1 91.7 92.8
r^ 0.74 0.61 0.54 0.52 0.52 0.55 0.79 0.66 0.59 0.56! 0.60 0.58 0.58 0.57 0.56
St. Augustine Estate 44.4 52.2 57.8 61.3 64.5 78.7 81.3 81.9 83.7 85.5; 94.5 94.8 95.2 95.7 95.7
1-2 0.37 0.62 0.86 0.67 0.60 0.66 0.77 0.89 0.91 0.811 0.77 0.77 0.75 0.75 0.74
The curve numbers calculatedusing physical watershed characteristics are closely related 
to the curve numbers highlighted in Tables 4-9,4-10, and 4-11 computed using Hjelmfelt’s 
(1991) technique except for AMC 111. At 15% o f the potential maximum retention for AMC
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I , the CN’s are within 1% of the composite curve number (70.5) in the two rainfall gauging 
stations for Gin Ganga basin. The curve numbers are within 2% of the 70.5 value for AMC 
II at 0.05S for Gin Ganga basin. Table 4-11 shows the results for the three rainfall gauging 
stations for Nilwala Ganga basin.
The highlightedresultsshowan inconsistent behavior between the initial abstractions and 
the different rainfall gauging stations in Table 4-11 for Nilwala Ganga basin. The computed 
CN’s for all three antecedent moisture conditions for St.Augustine Estate rainfall gauging 
station do not closely agree with the CN’s in Table 4-1. The results for Table 4-9 were 
obtained from areally weighted rainfall data for both basins. The results from table 4-9 show 
that the model accurately predicts the observed runoff at AMC II.
4.1.3 Asymptotic Determination of Runoff Curve Numbers 
from Data by Hawkins (1993).
The objective of Hawkins (1993) method was to determine an average curve number. 
The same technique described by Hjelmfelt(l 980),previouslycalled the frequency matching 
method, was used to analyze rainfall and runoff data. The potential maximum retentions were 
computed using the quadratic formula for different initial abstractions with the following 
general equation:
( l - K ) g  + 2aP  -  ^[{l -a)]Q + 2 a P f  -  4 a \P ^  -  PO)S  =  ZZJL------- 4-1
where a = fraction o f the initial abstraction (i.e. 0.05, 0.10, 0.15 etc.)
In this study, two different distributions of the precipitation input were used to compute 
average curve numbers as described in Chapter 3. The computed S for a given a  was then
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converted to CN using equation 3-17 as described in Section 3.3.5. The computational 
procedure for Hawkins analysis can be found in Table A2k in Appendix A2. In some cases 
the P-CN (rainfall-curve number) graphs shown on Figures A4m - A4s did not behave 
according to what Hawkins ( 1993) described as standard, complacent, or violent. Therefore, 
a chosen form of a regression function was fitted to the given data. The validity of the chosen 
model was primarily based on a graphical analysis of the residuals (observed minus predicted 
y’s), for checking the aptness o f a fitted model. The y  ^in Tables 4-12,4-13, and 4-14 refers 
to the fitted CN:P relationship, and not the original P:Q data.
4,1.3-A Using point precipitation
The daily rainfall from Aningkanda, Mawarella, and St.Augustine estates for Nilwala 
Ganga basin were matched with the daily runoff recorded at Pittabedara. The same was done 
for Arpthorpe, and Baddegama estates in the Gin Ganga basin. The computed average curve 
number, and the coefficient o f determination, and the fit to CN:P (y^) for different initial 
abstractions are depicted in Tables 4-12 and 4-13.
Table 4-12: Results from Hawkins (1993) method for Nilwala Ganga basin.
Ia Aningkanda Mawarella St.Augustine
Avg CN ( / ) ' Avg CN (r~y y- Avg CN (r^y y-
0.05S 30.0 .44 .88 41.0 .47 .92 50.0 .38 .83
0.1 OS 36.0 .82 .89 46.0 .78 .93 51.0 .64 .85
0.15S 40.0 .59 .91 49.5 .58 .94 55.0 .81 .86
0.20S 42.0 .54 .91 51.5 .54 .95 55.5 .62 .87
0.25S 43.0 .52 .92 54.5 .52 .95 63.0 .59 .87
*coefficient of determination for the predicted runoff vs. observed runoff.
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Table 4-13; Results from Hawkins (1993) method for Gin Ganga basin.
la Arpthorpe Baddegama
Avg CN y' Avg CN ( r y y-
0.05S 92.6 .79 .98 90.4 .64 1.0
O.IOS 93.3 .81 .99 91.3 .66 1.0
0.15S 93.8 .84 .99 91.9 .68 1.0
0.20S 94.3 .89 .99 92.5 .74 1.0
0.25S 94.6 .93 .99 93.0 .81 1.0
*coefficient of determination for the predicted runoff vs. observed runoff.
The average ciuve numbers in Table 4-13 are within 28-34% of the weighted average curve 
number (70.5) computed using the watershed characteristics for Gin Ganga basin. The 
average curve numbers for the three rainfall gauging stations in the Nilwala Ganga basin are 
within 15-45% of the curve number (54.8) computed using the watershed characteristics. 
Overall the model does not do a very good job in predicting runoff in the Nilwala Ganga 
basin, as can be seen from low f  values in Table 4-12. The Arpthorpe Estate rainfall gauging 
station was found to be a good predictor of runoff for Gin Ganga basin (r=  0.93 : I^= 0.25S).
4.1.3-B Using areal precipitation
The same analysis was performed as described in Chapter 3 for Hawkins (1993) 
method using total monthly average rainfall and runoff. Table 4-14 shows the results for 
Nilwala and Gin Ganga basins.
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Table 4-14: Results from Hawkins (1993) method using monthly average data.
I NILWALA GANGA GIN GANGA
Avg CN { r y Avg CN y^
0.05S 50.5 .95 .94 43.0 .76 -.90
O.IOS 53.7 .95 .95 47.0 .79 -.76
0.15S 56.4 .95 .96 50.0 .80 -.90
0.20S 58.7 .94 .96 53.0 .82 -.74
0.25S 60.7 .94 .97 55.4 .83 -.71
* coefficient of determination of the prec icted runoff to the observer runoff.
The use of monthly average areal distribution precipitation data clearly produces far better 
results in predicting runoff than daily average point rainfall. One can observe that the average 
curve numbers in Tables 4-12, 4-13, and 4-14 increased as the initial abstraction increased 
over an abstraction range of 0.05 to 0.25. The average curve numbers produced by Hawkins 
( 1993) method for the Nilwala Ganga basin are within 10% of the composite curve number 
calculated using the principal physical watershed characteristics [54.8]. The same could not 
be said about the Gin Ganga basin [CN = 70.5] where the difference is approximately 21- 
39%. Furthermore, the P:CN relationship fitted using equation 3-18 resulted in negative y- 
values. The cumulativepredicted runoff computed using the average curve numbers matched 
well with the cumulative observed runoff for both basins. A significant result of this analysis 
is that it further validates the curve number calculated using physical watershed 
characteristics for Nilwala Ganga basin.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
75
4.2 Frequency Analysis
Many discrete probability mass functions and continuous probability density functions 
are used in hydrology. It is especially difficult to pare down the number o f continuous 
distributions for inclusion since at least ten could be selected that have been applied to flood 
flows. However, in this study the log-gamma (log-Pearson type III) and Gumbel (extreme 
value Type I) distributions were used. The objective o f a discrete analysis is most often to 
assign probabilities to the number of occurrences of an event, whereas the objective o f a 
continuous analysis is most often to determine the probability of the magnitude of an event. 
The procedure used in the analysis of the probabilistic models is discussed in Chapter 3. 
Calculations for the frequency analyses for all gauging stations can be found in Tables A2j 
through A2p in Appendix A2.
The Log-Pearson Type III Distribution
The log-Pearson type III distribution is a transformation of the Gamma distribution when 
its applied to the logs of the random variables. The U.S.Interagency Advisory Committee on 
Water Data (1982) recommended the application o f the log-Pearson type III distribution to 
flood flows. In this study the analysis was performed on monthly maximum data.
The Extreme Value Type I Distribution
The tlieory o f extreme values considers the distribution of the largest (or smallest) 
observations occurring in each group o f repeated samples. Gumbel was the first to employ 
extreme value theory for analysis of flood frequencies (Canavos, 1984). The properties of 
the three limiting forms were further developed as Extreme Value Type I (EVI), Extreme 
Value Type II (EVII), and Extreme Value Type III (EVIII). The three limiting forms were 
shown by Jenkinson (1955) to be special cases o f a single distribution called the General
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Extreme Value (GEV) distribution. The probability distribution function for the GEV is:
X -  U.xtkF(x) = exp [ -(1 -  t
a
4-2
When k = 0, the limiting case is the Extreme Value Type I distribution. The monthly 
maximum values were used in the analysis.
A fit o f the two frequency distributions for all gauging stations are shown in Figures 4-8 
through 4-14. The coefficient o f determination r^  or the proportion of variation of the 
observed monthly maximum data to the two distributions are shown in Table 4-15.
Table 4-15: The coefficient o f determination r^  for all gauging stations.
Station Name Log- Pearson Type III Extreme Value Type I
Aningkanda Estate 0.99 0.68
St. Augustine Estate 0.95 0.61
Mawarella Estate 0.99 0.60
Pittabedara discharge station 0.28 0.96
Arpthorpe Estate 0.94 0.69
Baddegama Estate 0.95 0.71
Agaliya discharge station 0.93 0.64
The log-Pearson Type III distribution was used in the transformation of fitted data in this 
study due to the correlation between predicted and observed values (r^) as can be seen from 
Table 4-15.









■ fitted by log-Pearson type III observed monthly maximum rainfall j
Figure 4-8a: Frequency analysis, Nilwaia Ganga basin at Aningkanda Estate 
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Figure 4-8b: Frequency analysis, Nilwala Ganga basin at Aningkanda Estate 
(Extreme Value Type I distribution)
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Figure 4-9a: Frequency analysis, Nilwala Ganga basin at St.Augustine Estate 




■ ■ ■ ■
100800 20 40 60
—  fitted by extreme value type I
Exceedence Probability, (%)
observed monthly maximum rainfalTj
Figure 4-9b: Frequency analysis, Nilwala Ganga basin at St.Augustine Estate 
(Extreme Value Type I distribution)
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Figure 4-1 Oa; Frequency analysis, Nilwala Ganga basin at Mawarella Estate 












• fitted by extreme value type I observed monthly maximum rainfall j
Figure 4-1 Ob: Frequency analysis, Nilwala Ganga basin at Mawarella Estate 
(Extreme Value Type I distribution)
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Figure 4-11 a: Frequency analysis, Gin Ganga basin at Arpthorpe Estate 
(log-Pearson Type ill distribution)
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Figure 4-11b: Frequency analysis. Gin Ganga basin at Arpthorpe Estate 
(Extreme Value Type I distribution)
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■ fitted by log-Pearson type I observed monthly maximum rainfall I
Figure 4-12a; Frequency analysis. Gin Ganga basin at Baddegama Estate 
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Figure 4-12b; Frequency analysis. Gin Ganga basin at Baddegama Estate 
(Extreme Value Type I distribution)
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Figure 4-13a: Frequency analysis, Nilwala Ganga basin at Pittabedara 
(log-Pearson Type III distribution)
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Figure 4-13b: Frequency analysis, Nilwala Ganga basin at Pittabedara 
(Extreme Value Type I distribution)
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Figure 4-14a: Frequency analysis, Gin Ganga basin at Agaliya 
(log-Pearson Type III distribution)
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Figure 4-14b: Frequency analysis. Gin Ganga basin at Agaliya 
(Extreme Value Type I distribution)
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4.3 Watershed Yield
Land use activities that alter the type or extent of vegetative cover on a watershed 
frequently will change water yield, and in some cases, maximum and minimum streamflow. 
Commercial logging, shifting cultivation in developing countries, and conversions of forest 
or brushlands to croplands or pastures are examples o f changes that can alter streamflow 
response (Harr, et al, 1975). The amount of water yield change depends, in large part, upon 
the soil and climatic conditions and the percentage of the watershed that is affected. The 
largest increases in water yield often result from clearcutting forests. The increase in water 
yield is well documented, but mostly from temperate climates.
The basin yield was computed by taking the ratio of cumulative rainfall to cumulative
runoff. The overall basin yield using the raw data from October 1989 through September
1994 is depicted in Figures 4-15 and 4-16 for all gauging stations in the two basins. Table
4-15 shows the basin yield as a percentage and the standard deviation for the two basins.
Table 4-16: Watershed five-year average yield, and standard deviation for Nilwala and 
Gin Ganga basins.
GIN GANGA NILWALA GANGA
Arpthorpe Baddegama Aningkanda Mawarella St.Augustine
Yield 69% 77% 21% 28% 38%
Std deviation 12.2% 3.3% 3.4% 13.5% 25.3%
The Gin Ganga yields between 69% and 77% of the total freshwater flow in the basin, 
whereas Nilwala Ganga yields only 21-38% of the rainfall in the Pittabedara drainage area. 
Brooks, et al(1983) suggested the following reasons for increases in water yield:
1) When forests are clear-cut or thinned.
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2) When vegetation on a watershed is converted from deep-rooted species to shallow- 
rooted species.
3) When vegetative cover is changed from plant species with high interception capacities. 
Figures 4-17 and 4-18 depict the ratio of areally distributed monthly averaged rainfall to
monthly averaged runoff for Gin and Nilwala Ganga basins respectively. The average water 
yield is approximately 60% for Gin Ganga, and 50% for Nilwala Ganga basin for monthly 
areal average data.
The moderately high yield in the Gin Ganga basin (Figure 4-16) can be attributed to the 
fact that the rainfall gauging stations are closely situated to the streamflow gauging station. 
The rainfall gauging stations in the Nilwala Ganga basin is situated approximately 12 miles 
away from the streamflow gauging station compared to a 5 mile distance in the Gin Ganga 
basin. Furthermore, the absorption rate o f the rainfall is higher in the Nilwala Ganga basin 
due to the soil type.
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4.4 Computer generated model using HEC-1
The HEC-1 model developed by the U.S.Army Corps of Engineers, Hydrologie 
Engineering Center was used in conjunction with the SCS formulas and design storms for 
each individual rainfall gauging station. The HEC-1 computer model has the ability to 
simulate the surface runoff response of a given basin to rainfall. In this study the HEC-1 
flood hydrograph package was used to determine the peak runoff generated by the 5-year, 
24-hour storm event. In order to construct these design storms, a specified return period 
rainfall had to be computed for each basin. A summary o f these return period rainfall values 
are shown in Tables 4-16 and 4-17. The return period rainfall values were computed from 
the actual frequency distribution.
Table 4-17: Specified 24-hour rainfall depths for Nilwala Ganga basin.
Aningkanda Mawarella St.Augustine
Return Period Rainfall (in) Rainfall (in) Rainfall (in)
6 month 5.06 4.33 3.45
1 year 5.41 5.47 4.76
2 year 6.72 7.06 5.30
3 year 7JK 7.12 5.73
5 year 7.64 7.92
Table 4-18: Specified 24-hour rainfall depths for Gin Ganga basin.
Arpthorpe Baddegama
Return Period Rainfall (in) Rainfall (in)
6 month 4.11 4.41
I year 4 j# 5.62
2 year 7.47
3 year 7.94
5 year 5^4 8JK
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The results from the HEC-1 model outputs may be found in Tables A3 a-A3 e in Appendix 
A3 for T = 0.05S. These results were computed for a 24-hour 5-year return period rainfall 
using average antecedent moisture condition. The SCS curve number method was used to 
determine the infiltration rates. A conservative time interval of five minutes was used in the 
IT card forNMIN variable. A comparison of the derived unit hydrographs for Type I, Type 
II, and Type III design storms are depicted in Figures 4-19 and 4-20 for Aningkanda and 
Arpthorpe rainfall gauging stations. The unit hydrographs generated by HEC-1 for the rest 
o f the gauging stations can be found in Figures A3 a-A3 c in Appendix A3.
The derived unit hydrographs for different types of rainfall patterns, and different initial 
abstractions were similar to each other as can be seen from Figures 4-19,4-20 and Figures 
A3a-A3c in Appendix A3. The HEC-1 model was developed for small subbasins or large 
complex watersheds subdivided into small and relatively homogeneous subbasins according 
to drainage divides (Bedient, et al 1988). In this study the drainage area was not subdivided 
into subbasins due to lack o f available data. The similarity in the unit hydrographs for the 
three different rainfall distributions at each rainfall gauging stations could be attributed to 
the fact that the areas were very large.
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Several other observations can be made from the HEC-1 results in Appendix A3, which are:
•  As the rainfall pattern changed from Type I to Type III the peak discharges in cfs 
increased very slightly for all gauging stations.
•  As the initial abstraction increased the peak flow decreased.
•  Although the basin yield remained constant for the different types of rainfall distribution, 
it declined as the initial abstraction increased.
Tables 4-18, 4-19, and 4-20 depict the peak flow rate (qp) and the peak time (tp) of the 
generated unit hydrographs for all gauging stations.
Table 4-19: Peak flow rate in cfs and Time to peak in hours for the Type I rainfall
distribution
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Table 4-20; Peak flow rate in cfs and Time to peak in hours for the Type II rainfall 
distribution
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Table 4-21 : Peak flow rate in cfs and Time to peak in hours for the Type III rainfall 
distribution
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The SCS model was developed to predict daily runoff from North American 
agricultural watersheds with areas up to 120 square miles. The SCS model is attractive 
because the major input parameters are defined in terms o f land use and soil type. The 
advantage of a model having parameters defined in terms o f land use or land cover is that the 
user can experiment with alternate forms of land development and assess the impact that 
changes might have. The model is based on the SCS runoff curve number procedure. It was 
designed to have general applicability, computational efficiency, simple inputs, and good 
prediction accuracy. The model has one parameter, uses a 1-day time interval, and outputs 
runoff volume.
The required inputs are:
1. An estimate o f the AMC Il-condition, SCS runoff curve number for the
watershed;
2. Measured daily rainfall;
3. Measured daily runoff;
In tests with areally distributed rainfall data from two watersheds in Sri Lanka, the model
98
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simulated monthly runoff fairly accurately for both basins, despite the differences in the 
geologic, topographic, and meteorologicalconditionsbetween Sri Lanka and North America.
The study analyzed three different methods to predict the runoff from rainfall. All 
these methods encompass the SCS runoff curve number method with slight deviations in the 
application procedure. The study also predicted peak flow rates using the SCS dimensionless 
unit hydrograph method, and the SCS unit hydrograph method used in the HEC-1 flood 
hydrograph package for both basins. A summary of the results for the different methods used 
in the study is shown on Table 5:1.
Table 5.1: A summary o f the coefficients of determination for different I,.; and methods.
A. METHOD : SCS Standard Curve Number Technique ( Gin CN=70.5, Nil CN=54.8)
Initial Abstraction 0.05S O.IOS 0.I5S 0.20S 0.25S
Station
Aningkanda Estate 0.58 0.85 0.74 0.59 0.54
Mawarella Estate 0.52 0.82 0.61 0.55 0.52
St. Augustine Estate 0.38 0.57 0.81 0.61 0.55
Arpthoroe Estate 0.45 0.46 0.50 0.71 0.95
Baddegama Estate 0.44 0.45 0.51 0.80 0.90
*Gin Ganga 0.94 0.95 0.96 0.97 0.98
*Nilwala Ganga 0.90 0.94 0.96 0.97 0.97
* monthly averaged areal y distributed rainfall
B. METHOD : Empirical Investigation of Curve Number, Hjelmfelt (1980) 
( Gin CN=70.5, Nil CN=54.8)
Initial Abstraction 0.05S O.IOS 0.15S 0.20S 0.25S
Station
Aningkanda Estate 0.76 0.75 0.73 0.69 0.64
Mawarella Estate 0.82 0.84 0.85 0.86 0.87
St. Augustine Estate 0.86 0.84 0.80 0.76 0.70
Arpthome Estate 0.86 0.94 0.94 0.86 0.73
Baddegama Estate 0.71 0.72 0.72 0.70 0.68
* monthly averaged areal y distributed rainfall
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C. METHOD : Investigation o f Curve Number Procedure, AMC 11 (Hjelmfelt, 1991 )
Initial Abstraction 0.05S O.IOS 0.15S 0.20S 0.25S
Station
Aningkanda Estate 0.46 0.85 0.77 0.62 0.58
Mawarella Estate 0.55 0.79 0.66 0.59 0.56
St. Augustine Estate 0.66 0.77 0.89 0.91 0.81
Amthome Estate 0.44 0.45 0.48 0.58 0.82
Baddegama Estate 0.43 0.46 0.50 0.62 0.88
*Gin Ganga 1.00 0.98 0.95 0.99 1.00
*Nilwala Ganga 0.98 0.97 0.97 0.97 0.97
* monthly averaged areal y distributed rainfall
D. METHOD : Asymptotic Determination o f Rimoff Curve Numbers ( Gin CN=70.5, 
Nil CN=54.8), Hawkins (1993)
Initial Abstraction 0.05S O.IOS 0.15S 0.20S 0.25S
Station
Aningkanda Estate 0.44 0.82 0.59 0.54 0.52
Mawarella Estate 0.47 0.78 0.58 0.54 0.52
St. Augustine Estate 0.38 0.64 0.81 0.62 0.59
Arpthoroe Estate 0.79 0.81 0.84 0.89 0.93
Baddegama Estate 0.64 0.66 0.68 0.74 0.81
*Gin Ganga 0.95 0.95 0.95 0.94 0.94
*Nilwala Ganga 0.76 0.79 0.80 0.82 0.83
* monthly averaged areal y distributed rainfall
Application of the SCS runoff curve number method and dimensionless unit 
hydrographs was tested for flood prediction on two basins in Sri Lanka. Rainfall in the area 
occurs during monsoon seasons in the form of high intensity storms of relatively short 
duration. In combination with steep slopes, varying land covers and tropical soils found in 
the basins, these rainfalls result in rapid runoff with fast rising and falling hydrographs. The 
SCS method developed for North America worked fairly well even though the study areas 
exceeded original limits of validity for the model. The model developed using the standard 
SCS method techniques compared very well with the observed daily values at optimum
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initial abstractions, la. The models also produced very good results when monthly areal 
precipitation data was used instead of point precipitation as input to the system as can be 
seen from the results in Table 5.1. Furthermore, the application o f the standard SCS tables 
for curve numbers using the areal distribution o f precipitation authenticated the computed 
weighted average curve numbers for both drainage basins.
It appears that the Empirical Investigation of Curve Number Method developed by Hjelmfelt 
(1980) in Table 5.IC produced fairly accurate results compared to the other methods used 
in this study. The model developed using Hjelmfelt’s (1980) technique produced results 
within 60% of the observed values for all initial abstractions.
The asymptotic determination of runoff curve number technique by Hawkins ( 1993) resulted 
in curve numbers within 8% o f the composite curve numbers calculated using the principal 
watershed characteristics.
Gin Ganga yielded approximately 73% runoff compared to the 25% yield in the 
adjoining Nilwala Ganga basin. The primary reason for the large difference in water yield 
could be attributed to the fact that the rainfall gauging stations are relatively closer to the 
stream flow gauging station in the Gin Ganga basin than the Nilwala Ganga.
The estimated peak flows using HEC-1 for the 5-year 24-hour storm in the Gin 
Ganga basin are approximately 50% greater than the adjoining Nilwala Ganga basin. The 
increase in the peak flow for the Gin Ganga basin could be attributed to the fact that the 
drainage area for this basin is twice the size (263 square miles vs 128 square miles- Table 
4-3) of the Nilwala Ganga basin. Another contributing factor for the higher peak flows are 
the high weighted average curve numbers for Gin Ganga basin.
The log-Pearson Type III distribution performed better than the Extreme Value Type
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I distribution in verifying if the general trend o f the data reasonably agreed with the 
frequency distribution curves. Therefore, the log-Pearson Type III distribution was used in 
the transformation o f fitted data instead o f the extreme value Type I distribution.
The curve numbers derived using antecedent moisture condition I and III are 50 and 84.60 
respectively for Gin Ganga basin. The curve numbers for Nilwala Ganga were 33.80 for 
AMC I and 73.60 for AMC III.
5.2 Recommendations
According to the results shown in Table 5.1, the most applicable procedure in 
predicting runoff was Hjelmfelt’s (1980) technique because it yielded the best r^  values. 
However, for ease of use and fairly good accuracy, I recommend the use o f the standard SCS 
methods and tables for predictive purposes with I / s  of 0.10- 0.15S for Nilwala Ganga and 
0.20- 0.25S for Gin Ganga basins.
The development o f runoff data with hourly resolutions for the Nilwala and Gin 
Ganga basins is strongly suggested for accurate SCS predictions. The development of maps 
using current topographic information, land use and land cover is strongly recommended. 
Furthermore, it is also suggested that the topographic information be designated on a separate 
map as to avoid excessive data on one map.
The Department of Meteorology is ardently advised to install and monitor more rainfall 
gauging stations in the two basins. The same can be advocated for discharge gauging 
stations. Furthermore, the Department o f Meteorology is strongly advised to generate 
synthetic design storm distributions for these areas.
An intensive soils analysis o f the area must be fostered by the Department of
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Irrigation or its associated counterparts. I further suggest that a master plan type o f document 
to be published describing the hydrologie subareas, soil type, land use, land cover etc. for 
public use.
A complex study to evaluate the use o f the SCS unit hydrograph method used in the HEC-I 
flood hydrograph package could provide a valuable tool in economizing time and money in 
predicting runoff peaks and volumes for urban watersheds.
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Table A1a : Average daily rainfall in mm of Nilwala Ganga at Anningkanda Estate from October 1989- December 1994 















D a t e O c t N o v D e c J a n F e b M a r A p r M a y J u n e J u l y A u q S e p
1 0 129 43.1 1.8 0 0 0 0 2 35.8 0 0
2 0 36.3 33.5 0 0 10.4 0 0 0.8 30.7 0 0
3 0 20.3 0 5.3 0 0 2.8 0 25.9 5.6 0 0
4 45.2 10.9 0 64 0 13 31 7.6 2 5.8 0 0
5 55.9 46.2 0 13.7 0 0 26.7 10.2 29.2 41.9 0 0.8
6 35.6 77.5 15.2 31.5 0 13.5 0 10.9 28.7 1.3 7.9 0.5
7 6.4 1.3 0 17.8 0 39.4 0 125 43.4 0 1.3 0
8 0 32 0 0 0 10.4 69.9 52.1 18.3 2 7.6 0
9 0 47.5 42.7 7.9 0 44.2 0 7.9 32.5 3.8 5.1 0
10 0 26.7 0 0 0 25.9 0 0 3.3 1.3 2.5 0
11 5.3 28.5 0 0 0 23.1 1.3 20.6 3.3 0 3.8 5
12 8.9 57.9 0 0 0 43.4 0 2.5 29.7 0 8.9 0
13 40.4 74.4 0 7.6 0 58.9 0 0 28.2 1 5.1 0
14 0 51.6 0 0 25.7 16.5 0 13 7.6 0 5.1 0
15 5.1 71.1 20.6 0 10.2 18.3 78.7 59.9 11.4 8.9 0 0
16 5.8 40.9 0 0 17.8 10.4 1 11.4 25.9 0 0 0
17 2.8 33.3 0 0 15.2 7.1 0 58.4 0 2 0 0
18 52.1 61.2 0 4.6 12.7 0 0 0 0 0 0 0
19 13.8 61.5 0 0 0 0 0 63.5 10.2 21.3 0 0
20 5.8 0 12.7 0 0 0 0 63.5 14.5 0 0 1.3
21 0 0 0 0 2.8 30.7 0 0 12.5 0 0 0.5
22 14.5 7.6 0 0 0 2.5 0 0 1.8 1.3 0 0
23 0 129.3 10.2 0 5.8 0 0 1.8 0 0 0 2.5
24 0 27.7 7.6 0 9.1 41.2 0 0 0 48.3 0 0
25 0.8 27.7 0 0 35.1 0.5 0 9.7 38.9 0 1 0
26 0 1.2 4.6 0 13.5 69.3 9.7 3.3 2.5 0 0 0
27 7.1 0 2.8 0 15 21.1 0 2.5 28.2 0 0 0
28 128.3 0 0 0 16.3 24.1 36.3 0 13.2 0 0 0
29 0 4.1 13.7 0 15.2 44.5 3.8 13.5 0 0 0
30 5.3 43.2 5.6 0 13.5 17.8 6.6 29 0 0 0





























































































































































































































































































































Table A1b ; Average daily rainfall in mm of Nilwala Ganga at Mawarella Estate from October 1989- September 1994 















D a t e O c t N o v D e c J a n F e b M a r A p r M ay J u n e J u l y A u q S ep
1 0 54.1 29 0 6.9 0 66.5 22.6 17.5 47.8 0 0
2 0 3 0 0 0 0 58.2 0 7.1 45.2 0 0
3 0 15.5 0 0 0 0 10.4 0 70.9 6.3 0 0
4 0 0 0 0 0 0 84.6 0 9.1 6.3 0 0
5 44.4 2 0 0 0 0 173 0 40.6 87.6 0 13
6 6.3 21.3 0 0 0 0 0 13 54.1 0 13 20.1
7 0 2 4.1 0 0 32.3 24.6 179.3 70.9 0 5.1 0
8 0 5.6 0 0 0 13 175.5 0 8.4 0 25.9 60.7
9 0 49.5 0 0 0 114.3 96.3 47 52.7 0 13 5.1
10 0 38.1 0 0 0 0 0 6.3 8.4 0 13 5.1
11 0 0 0 0 0 0 0 64.5 5.1 0 0 3.6
12 0 0 0 0 0 3.3 0 2.5 9.7 0 0 4.6
13 0 12.7 0 0 0 31 0 9.7 23.1 18 19.3 0
14 0 20.6 0 0 7.6 70.9 9.1 0 16.3 25.9 0 0
15 11.4 14 2.8 0 19.8 0 5.8 64.5 9.1 5.1 0 0
16 0 7.6 0 0 6.3 0 164.6 32.3 22.4 3.8 0 0
17 8.1 6.6 0 0 0 0 0 151.6 4.6 5.1 0 0
18 38.1 18.8 0 0 0 0 0 109.7 0 7.1 0 0
19 16.5 10.2 0 0 0 0 0 83.8 0 16.3 0 0
20 5.6 0 3.6 0 0 0 0 0 24.6 0 0 0
21 10.2 0 0 0 0 17.5 0 0 16.8 0 0 16.8
22 0 8.6 0 0 0 6.3 0 0 0 3.8 0 0
23 0 15.5 0 0 1.5 0 0 0 0 11.7 0 0
24 0 35.3 0 0 0 0 0 0 41.9 61.2 0 7.1
25 0 12.4 0 0 22.9 0 0 0 0 0 0 0
26 0 10.2 0 0 0 48.5 0 0 0 0 0 0
27 0 0 0 0 5.1 0 0 25.9 21.3 0 0 0
28 0 0 0 0 10.2 20.6 0 0 12.2 0 0 0
29 0 0 0 0 0 64 0 13 0 0 0
30 36.8 0 0 0 0 0 0 87.6 0 0 0
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Table A1c : Average daily rainfall in mm of Nilwala Ganga at St. Augustine Estate from March 1990- December 1994 














D a t e M a r A p r M a y J u n e J u l y A u q S e p
1 0 missinq 0 missing missinq 5.3 0
2 0 missinq 0 missing missinq 0 0
3 0 missing 0 missing missinq 0 0
4 0 missing 0 missing missing 0 0
5 0 missing 48.3 missing missing 0 3
6 0 missing 40.6 missing missing 6.1 0
7 0 missing 51.3 missing missing 19.8 0
8 0 missing 65 missing missing 10.7 0
9 0 missing 59.9 missing missing 6.3 0
10 0 missing 16.5 missing missing 3.3 0
11 0 missing 30.7 missing missing 0 0
12 0 missing 25.9 missing missing 0.5 0
13 0 missing 10.4 missing missing 0 0
14 0 missing 0 missing missing 0 0
15 0 missing 66.5 missing missing 0 0
16 0 missing 13 missinq missing 0 0
17 0 missing 8.1 missing missing 0 0
18 0 missing 27.2 missing missing 0 0
19 0 missing 47 missing missing 0 0
20 0 missing 0 missing missing 0 0
21 0 missing 0 missing missing 0 0
22 0 missing 0 missing missing 0 0
23 0 missing 0 missing missinq 0 0
24 7.6 missing 0 missing missinq 0 0
25 0 missing 1.3 missing missing 0 0
26 8.1 missing 12.4 missing missing 0 0
27 34.5 missing 11.9 missing missinq 0 0
28 10.7 missing 6.1 missing missinq 0 0
29 0 missing 4.6 missing missing 0 0
30 0 missing 17.8 missing missing 0 0
31 5.3 missing 10.2 missing missing 0
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Table A1d : Average daily discharge in m^3/sec of Nilwala Ganga at Pittabedara from October 1989- September 1994 
Date : October 1989 to September 1990
D a t e O c t N o v D e c J a n F e b M a r A p r M a y J u n e J u l y A u q S ep1 4.59 24.35 26.56 10.34 3.11 2.15 7.62 17.98 10.51 21.83 4.25 0.282 3.96 77.46 26.96 5.95 2.75 1.22 9.26 8.50 10.34 23.05 3.68 0.283 3.40 53.10 23.45 7.02 2.26 0.28 12.32 6.12 17.59 22.97 3.20 0.284 3.77 69.95 16.57 20.36 2.83 0.42 12.09 5.89 11.95 15.43 3.28 0.285 16.43 57.77 13.45 17.64 2.12 0.48 17.05 9.03 17.93 25.79 3.37 0.286 r  37.95 66.55 13.39 15.43 1.30 0.52 9.15 13.20 30.70 15.35 4.12 0.287 20.33 42.34 14.22 10.19 0.65 6.68 13.79 120.64 25.83 12.60 4.19 0.288 12.60 31.15 18.12 6.68 0.57 14.16 9.26 42.33 20.87 10.68 6.66 0.289 8.35 33.98 17.93 5.41 0.41 22.20 27.10 32.57 20.53 9.86 6.11 0.2810 6.23 36.67 16.65 4.96 0.40 20.96 13.23 19.54 16.26 9.43 6.57 0.2811 _  5.95 36.82 12.09 4.96 0.40 3.40 11.92 19.09 13.54 8.35 4.67 0.28
12 5.38 38.94 14.50 4.62 0.28 18.60 10.17 14.78 14.02 7.59 4.28 0.2813 8.35 26.34 9.32 4.62 3.70 39.19 9.15 14.73 17.08 8.95 4.28 0.28
14 10.76 28.89 8.35 4.62 3.79 39.02 8.98 12.12 14.50 11.19 2.97 0.28
15 7.50 26.35 9.37 4.08 5.80 9.77 27.95 71.85 13.74 9.20 2.78 0.28
16 5.66 35.40 8.78 3.79 7.45 5.46 26.93 36.82 11.95 7.93 2.55 0.2817 18.41 27.19 8.78 3.96 4.81 2.32 11.10 38.66 9.54 7.62 2.35 0.28
18 30.02 37.95 7.50 4.39 2.86 2.21 8.10 51.83 8.27 8.10 2.12 0.28
19 46.02 31.15 7.56 3.40 2.81 2.01 6.57 47.15 9.77 9.20 2.12 0.2820 19.26 25.49 7.28 3.00 0.45 1.19 5.66 29.23 10.68 6.80 4.25 0.2821 20.53 21.38 7.02 3.00 0.57 1.62 5.01 17.90 10.25 5.66 4.25 0.28
22 20.53 19.97 6.65 3.00 1.30 3.34 4.81 17.45 7.36 6.17 0.37 0.2823 18.41 24.92 6.65 2.75 2.63 6.23 4.33 16.68 6.57 7.50 0.28 0.28
24 16.00 25.35 6.46 2.79 8.41 6.12 3.20 14.78 6.94 15.92 0.28 0.2825 12.60 31.15 6.51 3.34 8.47 63.72 3.11 17.22 10.02 9.20 0.28 0.28
26 8.50 26.76 6.12 3.00 5.01 21.72 2.75 14.58 8.78 6.23 0.28 0.28
27 7.50 22.09 5.78 3.00 10.34 19.97 2.97 13.45 21.30 5.43 0.28 0.28
28 19.96 18.48 8.52 3.69 6.00 13.88 5.52 11.10 19.97 4.59 0.28 0.28
29 22.09 30.02 7.73 2.32 8.10 20.87 9.91 15.58 4.25 0.28 0.28
30 9.06 28.04 5.95 2.27 6.68 31.44 10.59 24.80 3.96 0.28 0.28
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Table A1e : Average daily rainfall in mm of Gin Ganga at A rpthorpe Estate from October 1989- September 1994 
Date : October 1989 to September 1990
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D a t e O c t N o v D e c J a n F e b M a r A p r M ay J u n e J u l y A uq S ep
1 16.20 missing missing missing missing missing missing missing missing missing missing missing
2 24.10 missing missing missing missing missing missing missing missing missinq missing missing
3 14.30 missing missing missing missing missing missing missing missing missing missing missing
4 12.00 missing missing missing missing missing missing missing missing missing missing missing
5 15.20 missing missing missing missing missinq missing missinq missing missing missing missing
6 28.20 missing missing missinq missing missinq missing missing missing missing missing missing
7 86.60 missing missing missing missinq missinq missing missing missing missing missing missing
8 33.20 missing missing missinq missing missing missing missing missinq missing missing missing
9 21.70 missing missing missing missing missinq missing missing missing missing missing missing
10 2.60 missing missing missinq missinq missing missinq missing missing missing missing missing
11 0.00 missing missing missing missing missinq missing missing missinq missing missing missing
12 18.90 missing missinq missing missing missinq missing missing missing missing missing missing
13 11.30 missing missinq missing missing missing missing missing missing missing missing missing
14 0.00 missing missing missing missing missing missing missing missinq missing missing missing
15 0.00 missing missing missing missinq missinq missing missing missing missing missing missing
16 16.50 missing missing missing missinq missing missing missing missing missing missing missing
17 15.10 missing missing missing missing missing missing missing missing missing missing missing
18 32.90 missing missing missinq missing missing missing missing missinq missing missing missing
19 0.00 missing missing missing missinq missing missing missing missing missing missing missing
20 8.30 missing missing missing missing missinq missing missing missing missing missing missing
21 30.30 missing missinq missing missing missing missing missing missing missing missing missing
22 27.40 missing missing missing missing missing missing missing missing missing missing missing
23 10.20 missing missing missing missing missing missing missing missing missing missing missing
24 0.00 missing missing missing missing missinq missing missing missing missing missing missing
25 0.00 missing missinq missinq missinq missinq missing missing missing missing missing missing
26 17.20 missing missing missing missing missing missinq missing missing missing missing missing
27 66.50 missing missing missing missinq missing missing missing missing missing missing missing
28 0.00 missing missing missinq missinq missing missing missing missing missing missing missing
29 0.00 missing missing missinq missinq missinq missing missing missing missing missing
30 0.00 missing missing missing missing missing missing missing missing missing missing
















Table A1f : Average daily rainfall in mm o f Gin Ganga at Baddegama Estate from October 1989 - September 1994 
















D a t e O c t N o v D e c J a n F e b M a r A p r M a y J u n e J u l y A u q S ep1 0.00 5.80 24.30 0.00 0.00 0.00 32.50 0.00 0.00 0.00 13.20 0.002 0.00 0.00 11.90 0.00 0.00 0.00 7.10 0.00 12.90 8.30 0.00 0.003 0.00 0.00 0.00 0.00 0.00 0.00 17.70 14.70 3.00 33.00 0.00 0.004 4.50 3.00 1.20 5.10 0.00 0.00 0.00 79.20 2.00 16.50 0.00 12.705 29.90 2.00 0.00 21.50 0.00 0.00 64.70 30.90 21.00 11.40 0.00 4.206 6.00 0.00 0.00 31.40 0.00 0.00 0.00 5.00 21.30 24.60 1.20 4.80
7 0.00 0.00 0.00 6.80 0.00 0.00 3.70 28.40 6.00 0.00 0.00 0.008 0.00 9.10 0.00 0.00 0.00 0.00 10.60 8.80 0.70 0.00 0.00 0.009 0.00 0.00 0.00 0.00 0.00 7.10 77.20 6.00 0.90 0.00 0.00 0.0010 9.90 12.10 0.00 0.00 0.00 2.00 2.50 4.30 0.00 0.00 8.80 0.00
11 2.00 0.00 0.00 0.00 0.00 20.30 0.00 22.80 0.00 0.00 10.10 14.20
12 3.50 4.50 0.00 0.00 0.00 0.00 14.20 21.70 0.00 0.00 7.60 0.0013 23.10 0.00 0.00 0.00 6.00 20.30 0.00 0.00 3.80 0.00 0.00 0.00
14 17.50 7.30 0.00 0.00 9.60 24.30 123.40 109.20 8.80 24.10 0.00 0.00
15 79.20 3.00 5.80 0.00 11.40 28.90 85.00 19.30 l__2.00 13.20 0.00 0.00
16 3.00 0.00 0.00 0.00 22.80 0.00 22.30 20.30 9.10 2.50 0.00 0.00
17 50.50 3.00 10.90 0.00 0.00 0.00 17.70 19.40 10.10 19.00 0.00 0.00
18 0.00 8.30 0.00 0.00 0.00 19.50 3.40 0.00 2.00 11.40 0.00 0.00
19 8.60 20.00 21.50 0.00 0.00 0.00 1.00 0.00 0.00 16.50 0.00 0.00
20 0.00 13.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.80
21 0.00 0.00 0.00 0.00 0.00 132.00 0.00 0.00 0.00 0.00 0.00 0.00
22 0.00 0.00 0.00 0.00 0.00 22.30 0.00 0.00 0.00 0.00 0.00 0.00
23 0.00 10.60 0.00 0.00 0.00 1.00 8.80 0.00 0.00 1.20 0.00 6.30
24 0.00 8.10 0.00 0.00 10.00 0.00 33.00 0.00 0.00 8.80 0.00 2.5025 0.00 0.00 0.00 0.00 0.00 15.70 15.20 11.40 0.00 13.20 0.00 2.00
26 0.00 12.70 0.00 0.00 14.00 0.00 18.70 6.00 25.40 2.50 0.00 0.00
27 0.00 22.80 0.00 0.00 0.00 0.00 0.00 16.50 0.00 1.70 0.00 0.00
28 12.10 0.00 0.00 0.00 3.30 0.00 0.00 5.30 0.00 0.00 0.00 0.00
29 55.30 0.00 12.70 0.00 0.00 0.00 3.80 16.50 0.00 0.00 0.00
30 9.90 39.30 0.00 0.00 0.00 6.00 4.50 62.40 0.00 0.00 0.00
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Table A1g ; Average daily discharge in m ''3/sec of Gin Ganga at Agaliya from October 1989- March 1995 
















D a t e O c t N o v D e c J a n F e b M a r A p r M a y J u n e J u l y A u q S ep1 89.74 120.62 86.88 17.98 5.66 13.69 5.50 63.69 34.26 107.88 15.57 3.822 48.86 139.31 114.27 15.57 8.07 17.13 2.03 69.21 48.42 106.04 17.95 3.11
3 37.49 174.99 98.69 14.58 7.08 6.22 8.21 31.13 32.70 149.24 15.57 3.114 32.09 194.00 62.02 26.47 5.66 4.93 4.57 89.45 48.42 129.97 13.57 2.835 99.97 207.00 51.82 37.38 4.85 4.24 3.89 71.22 38.93 93.16 12.60 2.836 119.28 175.00 43.61 48.42 6.08 3.25 4.05 104.17 45.16 118.92 11.60 4.247 124.82 166.00 56.92 49.27 4.95 21.09 4.05 69.21 89.48 100.52 12.60 6.648 82.36 157.00 68.25 33.55 4.24 30.44 4.48 106.21 145.26 69.23 14.15 5.239 53.67 149.00 66.32 24.21 5.66 38.94 5.25 181.17 122.61 50.96 21.94 12.1710 42.17 128.00 65.56 17.13 4.95 56.92 7.05 179.03 113.40 43.96 15.14 6.6511 36.77 159.00 53.52 17.15 4.24 20.24 70.08 141.23 89.48 48.42 23.36 6.6512 34.36 126.00 43.61 14.58 4.24 10.05 60.12 86.81 60.31 36.62 22.51 7.9213 33.65 110.00 36.67 13.59 3.38 11.10 60.01 72.89 50.12 31.99 18.68 5.6614 38.48 139.00 32.00 40.49 23 36 28.03 68.10 56.05 45.16 38.22 18.68 4.2415 33.24 165.00 31.71 20.24 38.94 40.48 60.06 43.15 55.21 50.12 13.59 2.33
16 35.92 132.00 31.71 14.58 17.13 82.10 53.54 131.29 46.72 42.05 11.60 2.12
17 37.48 102.00 24.92 12.60 19.54 38.92 43.09 163.05 45.16 40.49 10.61 2.12
18 91.59 84.00 45.17 11.61 12.12 45.15 44.59 174.94 37.37 55.21 8.63 1.98
19 207.89 153.00 29.59 11.61 7.08 31.14 44.09 165.03 32.70 43.60 8.21 1.84
20 214.71 155.00 31.15 12.62 5.52 17.12 30.05 174.94 31.14 35.82 7.22 1.84
21 191.42 112.00 22.65 10.05 4.24 12.59 18.09 161.12 35.82 29.58 6.65 1.88
22 175.51 80.00 32.71 8.63 3.82 118.91 17.12 151.16 35.82 34.21 6.25 2.8823 117.43 77.00 30.71 8.63 3.82 65.54 22.22 126.29 26.47 36.47 5.66 2.88
24 100.82 95.00 68.49 5.94 4.24 51.81 20.35 91.32 24.21 32.70 5.23 2.1225 57.08 85.00 31.15 7.08 24.92 74.74 20.35 52.65 22.65 87.63 5.23 2.26
26 71.28 88.00 40.49 11.61 14.58 35.81 28.39 52.65 32.70 45.16 5.23 2.2627 91.59 77.00 23.36 9.62 13.59 118.91 18.08 51.80 29.59 29.59 4.95 1.84
28 119.28 55.00 31.15 5.94 9.62 100.56 13.02 45.15 40.59 24.91 4.26 1.69
29 117.43 45.00 31.80 6.65 51.81 13.09 45.85 69.25 21.80 3.82 1.55
30 113.74 93.00 40.49 5.66 35.81 13.05 38.92 65.55 17.98 3.82 1.41
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Table A1h : Niiwala Ganga Basin Land Use for 1983
Urban Land





Homesteads 5738 4360 1470 1250 2830 1144.1
Tree and other Tea 9377 3200 460 10 410 45.4
perenial crops Rubber 827 1860 470 30 950 15.1
Coconut 19 200 100 10 610 438.5
Cinnamon 76 220 290 160 280 40.3
Mixed tree and other
perenial crops 380 750 60 110 720 196.6
Oilpalm 40
Cropland Paddy 1558 2740 1350 2390 1830 463.7
Sparsely used cropland 3439 1390 160 30 500 211.7
Other cropland 10 15.1
Forestland
Natural forest Dense forest 5966 4500 70 710
Open forest 903 750 50 60 10.1
Forest plantations 209 290 30 190
Rangerland
Scrubland 1178 620 60 70 120 35.3
Grassland 133 10 0 40
Wetland
Forested Mangroves
Non-forested Marsh 10 140 10
Water 257 230 30 140 30 35.3
Barren Land 57 10
30125 21190 4470 4520 9320 2661.3
Note - Ali area figures are given in hectares (lha = 2.47 acres)
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Associated 7 40 250 0
Non-agricultural
land 3 49 10 30
Agriculturalland
Homesteads 1318 2893 1720 1600 2290 1597
Tree and other Tea 155 1464 60 20 1270 1426
perenial crops Rubber 408 465 40 10 390 397
Coconut 70 99 60 80 110 5
Cinnamon 455 77 90 10 30
Mixed tree and other
perenial crops 10 56 30 60 15
Oilpalm 34
Cropland Paddy 775 1999 1230 100 970 446
Sparsely used cropland 368 563 150 0 630 652
Other cropland 3 10
Forestland
Natural forest Dense forest 23 21 200 583
Open forest 5 50 103
Forest plantations 10 132
Rangerland
Scrubland 10 7 30 30 59
Grassland 30 141 10 0 0
Wetland
Forested Mangroves 30 30
Non-forested Marsh 3 7 10
Water 113 190 20 40 5
Barren Land 10
3633 7961 3640 2190 6110 5464
Note - Ail area figures are given in hectares (lha = 2.47 acres) 4^
Os
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APPENDIX 2- COMPUTATIONAL PROCEDURES & TABLES
Hydrologie Soil Group 
Weighted Average Curve Numbers 
Time o f Concentration 
The development of the SCS dimensionless unit hydrograph 
The standard SCS method computational procedure 
The standard SCS method computational tables for monthly averaged data 
Hawkins method computational procedure 
Frequency analysis tables 
Hjelmfelt (1980) computational tables
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T a b le  A 2a  : H ydrologie Soil Group % in A rea for N iiw ala & Gin G an ga  B a s in s
Gin ganga basin
Soil Type Hydrologie Soil Area % o f
Group (sq miles mapping
Red Yellow Podzolic Soils B 263.00 100.0%
Total = 263.00 100.0%
Niiwala Ganga basin
iVlappIng Soil Type 
Unit
Reddish Brown Earths 
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Table A2b : W eighted Average Curve Number Computation fo r Gin Ganga Basin








Land use SCS CN * Area
percentage CN
Built-up land 7.000% 98 686.00
Associated 0.400% 85 34.00
Non-agricultural
land 0.100% 69 6,90
Homesteads 22.700% 70 1589.00
Tree and other Tea 13.100% 71 930.10
perenial crops Rubber 9.600% 71 681.60
Coconut 0.600% 71 42.60
Cinnamon 1.000% 71 71.00
Mixed tree and other
perenial crops 0.600% 71 42.60
Oilpalm 1.100% 74 81.40
Cropland Paddy 5.700% 75 427.50
Sparsely used cropla 14.100% 72 1015.20
Other cropland 0.100% 78 7.80
Natural forest Dense forest 19.800% 59 1168.20
Open forest 1.600% 60 96.00
Forest plantations 0.500% 60 30.00
Scrubland 0.700% 61 42.70
Grassland 0.600% 58 34.80
Forested Mangroves 0.100% 58 5.80
Non-forested Marsh 0.000% 58 0.00
0.600% 86 51.60
Total = 100.00% 7044.80
Computed Weigted Average CN = 70.4















































Land Homesteads 20.9% 14.421% 51 735.47 6.479% 65 421.14
Tree and other Tea 19.0% 13.110% 62 812.82 5.890% 71 418.19
perenial crops Rubber 5.4% 3.726% 62 231.01 1.674% 71 118.85
Coconut 1.5% 1.035% 62 64.17 0.465% 71 33.02
Cinnamon 1.5% 1.035% 62 64.17 0.465% 71 33.02
Mixed tree and other 0.000% 0.000%






Cropland Paddy 12.6% 8.694% 59 512.95 3.906% 70 273.42
Sparsely used cropla 9.0% 6.210% 59 366.39 2.790% 70 195.30






Land Natural forest Dense forest 18.7% 12.903% 25 322.57 5.797% 59 342.02





























W etland 0.000% 0.000%
Forested Mangroves 0.0% 0.000% 30 0.00 0.000% 58 0.00










Barren 0.1% 0.069% 77 5.31 0.031% 86 2.67















Computed Weighted Average CN = 54.8
c/)c/) Table A2c : Weighted Average Curve Number Computation for Niiwala Ganga Basin LAw
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Table A2d : The Time of Concentration Computations for Gin Ganga Basin
Computing Lag Tim e & Time o f Concentration, Gin ganga basin
Drainage area(basin area) 263 sq miles or 680.88 sq kilometers
Length of gin ganga = 70 miles or 369600 ft
Elevation drop = 4000 ft to sea level
Weighted Curve Number, CN = 70.4
Average watershed slope = 4.2 percent
Lag Time = {Lw''(0.8)(1000/(CN-9))''0.7}/1900So''(0.5) SCS (1975)
Lw = hydraulic length of watershed in feet
CN = runoff curve number
So = average watershed slope in percent
Lag time = 23.19 hours
Time of concentration = 1.67 * Lag time SCS (1975)
Time of concentration = 38.73 hours
maximum potential difference between rainfall and runoff, S 4.20 In 
CN(1) 50.0 for dry conditions AMC 1
CN(3) 84.6 for w et conditions AMC 3
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Table A2e : The Time of Concentration Computation for Niiwala Ganga Basin
Computing Lag Time & Tim e of Concentration, Niiwala ganga basin
Drainage area(basln area) = 128.5 sq miles or 332.67 sq kilometers
Length of gin ganga = 45 miles or 237600 ft
Elevation drop = 3500 ft to sea level
Weighted Curve Number, CN = 54.8
Average watershed slope = 6.3 percent
Lag Time = {Lw''(0.8)(1000/(CN-9))''0.7}/1900So''(0.5) SCS (1975)
Lw = hydraulic length of watershed in feet
CN = runoff curve number
So = average watershed slope In percent
Lag time = 19.87 hours
Time of concentration = 1.67 * Lag time SCS (1975)
Time of concentration = 33.18 hours
maximum potential difference between rainfall and runoff, S = 8.24 in
CN(1) = 33.8 fo r dry co n d itio n s AM C 1
CN(3) = 73.6 fo r w e t co n d itio n s AM C 2
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Table A2f : The development of the SCS dimensionless unit hydrograph for Gin Ganga Basin
0  = 0.133 te
D = the duration of rainfall (hr) 
to = time of concentration (hr) 
D = 5.15 hr
38.73 hr
tp = D/2 + tl
tp = the time from the begining of rainfall to peak discharge (hr) 
tl = lag time (hr) 23.19 hr
tp = 25.77 hr
qp = 484*A /  tp
qp = peak discharge (cfs)
A = drainage area (miles''2) 
tp = the time to peak (hr) 
qp = 4940 cfs
a) The peak flow occurs at t/tp = 1 or at t 25.77 hr
b) The time base of the hydrograph = 5tp 128.83 hr 
t/tp
263 mlles*2
p q/qp t q q q q
(hr) (cfs) A M C I AMC II AMC III
0 0 0.00 0.00 0.00 0.00 0.00
0.1 0.015 2.58 74.11 43.90 74.11 113.81
0.2 0.075 5.15 370.53 219.48 370.53 569.04
0.3 0.16 7.73 790.46 468.22 790.46 1213.96
0.4 0.28 10.31 1383.31 819.38 1383.31 2124.43
0.5 0.43 12.88 2124.37 1258.33 2124.37 3262.51
0.6 0.6 15.46 2964.24 1755.81 2964.24 4552.34
0.7 0.77 18.04 3804.11 2253.30 3804.11 5842.17
0.8 0.89 20.61 4396.95 2604.46 4396.95 6752.64
0.9 0.97 23.19 4792.18 2838.57 4792.18 7359.62
1 1 25.77 4940.40 2926.36 4940.40 7587.23
1.1 0.98 28.34 4841.59 2867.83 4841.59 7435.49
1.2 0.92 30.92 4545.16 2592.25 4545.16 6980.25
1.3 0.84 33.50 4149.93 2458.14 4149.93 6373.28
1.4 0.75 36.07 3705.30 2194.77 3705.30 5690.43
1.5 0.66 38.65 3260.66 1931.40 3260.66 5007.57
1.6 0.56 41.22 2766.62 1638.76 2766.62 4248.85
1.8 0.42 46.38 2074.97 1229.07 2074.97 3186.64
2 0.32 51.53 1580.93 936.43 1580.93 2427.91
2.2 0.24 56.68 1185.70 702.33 1185.70 1820.94
2.4 0.18 61.84 889.27 526.74 889.27 1365.70
2.6 0.13 66.99 642.25 380.43 642.25 986.34
2.8 0.098 72.14 484.16 288.78 484.16 743.55
3 0.075 77.30 370.53 219.48 370.53 569.04
3.5 0.036 90.18 177.85 105.35 177.85 273.14
4 0.018 103.06 88.93 52.67 88.93 136.57
4.5 0.009 115.94 44.46 26.34 44.46 68.29
5 0.004 128.83 19.76 11.71 19.76 30.35
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Table A2g ; The development of the SCS dimensionless unit hydrograph for Niiwala Ganga Basin
0  = 0.133 te
0  = the duration of rainfall (hr) 
to = time of concentration (hr) 
0  = 4.41 hr
33.18 hr
tp = 0 /2  + tl
tp = the time from the begining of rainfall to peak discharge (hr) 
tl = lag time (hr) 19.87 hr
tp = 22.08 hr
qp = 48 4*A /tp
qp = peak discharge (cfs)
A = drainage area (mlles''2) 
tp = the time to peak (hr) 
qp = 2817 cfs
a) The peak flow occurs at t/tp = 1 or at t 22.08 hr
b) The time base of the hydrograph = 5tp 110.38 hr
128.5 mlles''2
p q/qp t q q q q
(hr) (cfs) AMC II AMC 1 AMC III
0 0 0.00 0.00 0.00 0.00 0.00
0.1 0.015 2.21 42.26 125.22 71.44 204.35
0.2 0.075 4.42 211.29 626.12 357.22 1021.73
0.3 0.16 6.62 450.75 1335.72 762.06 2179.69
0.4 0.28 8.83 788.82 2337.50 1333.60 3814.46
0.5 0.43 11.04 1211.40 3589.74 2048.04 5857.92
0.6 0.6 13.25 1690.32 5008.94 2857.72 8173.84
0.7 0.77 15.45 2169.25 6428.14 3667.41 10489.76
0.8 0.89 17.66 2507.31 7429.92 4238.96 12124.53
0.9 0.97 19.87 2732.69 8097.78 4619.99 13214.38
1 1 22.08 2817.21 8348.23 4762.87 13623.07
1.1 0.98 24.28 2760.86 8181.26 4667.62 13350.61
1.2 0.92 26.49 2591.83 7680.37 4381.84 12533.22
1.3 0.84 28.70 2366.45 7012.51 4000.81 11443.38
1.4 0.75 30.91 2112.91 6261.17 3572.16 10217.30
1.5 0.66 33.11 1859.36 5509.83 3143.50 8991.23
1.6 0.56 35.32 1577.64 4675.01 2667.21 7628.92
1.8 0.42 39.74 1183.23 3506.26 2000.41 5721.69
2 0.32 44.15 901.51 2671.43 1524.12 4359.38
2.2 0.24 48.57 675.13 2003.58 1143.09 3269.54
2.4 0.18 52.98 507.10 1502.68 857.32 2452.15
2.6 0.13 57.40 366.24 1085.27 619.17 1771.00
2.8 0,098 61.81 276.09 818.13 466.76 1335.06
3 0.075 66.23 211.29 626.12 357.22 1021.73
3.5 0.036 77.27 101.42 300.54 171.46 490.43
4 0.018 88.31 50.71 150.27 85.73 245.22
4.5 0.009 99.34 25.35 75.13 42.87 122.61
5 0.004 110.38 11.27 33.39 19.05 54.49
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Table A2h : The Computational Procedure for the Prediction of Runoff Using Point 
Precipitation Data by The Standard SCS Method (Computed by Q-PRO 
V5.0 Software)
1. Time (date, month, year) in column 1
2. The observed rainfall in, inches (the data obtained from the Department o f 
Meteorology Sri Lanka, October 1989- September 1994) in column 2
3. The observed runoff in, inches (the data obtained from the Department of Irrigation, 
Sri Lanka, October 1989 - September 1994) in column 3.
4. Compute Q, actual accumulated runoff in, mV sec using equation 3-3: 
( f  -  cdT):
Q P  + 5(1 -  a)
S  = ( i M ) -  10
Multiply Q by 90.37 for Nilwala, & by 200.25 for Gin Ganga Basins to convert 
inches into mV sec, the results in column 4
7. Add results from column 4. To produce a cumulative predicted runoff in, mV sec, the 
results in column 5.
8. Add data from column 3. To produce a cumulative observed runoff in, mV sec, the 
results in column 6.
8. Compute the coefficient o f determination, r" using equation 3-5, the results in column
7 & 8
9. Plot time versus observed(column 6) and predicted(column 5) cumulative runoff for a
= 0.05, 0.10, 0.15, 0.20, and 0.25
10. Steps 1 through 9 were repeated for all rainfall gauging stations in the two basins












Gin ganga basin, computation of direct runoff from total monthly averages 
by the SCS curve method. Using drainage area of 683 km^Z 

















S =  4.18
la = 0.25
Predicted runoff is computed by Equation 3-3 
Coefficient of determination, r^ 2^ is computed,by Equation 3-5
Coefficient of determination = 0.98







cum runof cum runof 
(in) (in) 0.05
Predicted cumulative runoff, in 
for different initial abstractions, la
0.10 0.15 0.2 0.25
Coefficient of 
determination, r*2
Oct-89 22.18 13.84 17.65 13.84 17.65 18.46 18.26 18.05 17.85 17.65 52808.85 14.49Nov-89 16.11 18.69 11.79 32.53 29.43 31.05 30.64 30.24 29.83 29.43 47531.05 9.57Dec-89 9.78 7.20 5.90 39.73 35.33 37.70 37.11 36.51 35.92 35.33 44992.88 19.31Jan-90 4.37 2.68 1.47 42.41 36.81 39.78 39.03 38.28 37.54 36.81 44369.64 31.35Feb-90 5.17 1.36 2.05 43.77 38.85 42.47 41.56 40.65 39.75 38.85 43511.71 24.16Mar-90 18.81 6.15 14.38 49.92 53.23 57.65 56.54 55.43 54.33 53.23 37720.02 10.97Apr-90 10.75 6.84 6.78 56.76 60.01 65.20 63.89 62.59 61.30 60.01 35133.01 10.58
May-90 16.07 15.25 11.75 72.01 71.76 77.74 76.24 74.74 73.24 71.76 30866.95 0.06
Jun-90 15.86 7.96 11.55 79.97 83.31 90.09 88,39 86.68 84.99 83.31 26942.09 11.12Jul-90 11.02 8.74 7.03 88.71 90.34 97.89 95.99 94.10 92.21 90.34 24683.87 2.65Aug-90 2.44 1.74 0.35 90.45 90.68 98.66 96.65 94.64 92.66 90.68 24574.96 0.06
Sep-90 6.61 0.54 3.18 90.99 93.86 102.54 100.34 98.17 96.01 93.86 23588.35 8.25Oct-90 20.30 8.36 15.81 99.35 109.68 119.16 116.77 114.39 112.02 109.68 18980.79 106.54Nov-90 26.43 17.17 21.79 116.52 131.46 141.77 139.17 136.58 134.02 131.46 13452.17 223.23Dec-90 12.85 8.98 8.72 125.51 140.18 151.27 148.47 145.69 142.93 140.18 11506.38 215.30Jan-91 10.31 9.37 6.38 134.88 146.56 158.41 155.42 152.45 149.49 146.56 10178.87 136.40Feb-91 5.11 2.43 2.00 137.31 148.56 161.05 157.90 154.76 151.65 148.56 9779.29 126.45Mar-91 7.09 3.36 3.57 140.67 152.13 165.33 162.00 158.69 155.40 152.13 9085.49 131.32
Apr-91 15.58 6.87 11.29 147.54 163.42 177.41 173.88 170.37 166.88 163.42 7060.99 252.04
C / )
C / ) Table A2I ; Prediction o f runoff using areal precipitation fo r Gin Ganga Basin LA
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Niiwala ganga basin, computation o f direct runoff from total monthly averages 
by the SCS curve m ethod. Using drainage area o f 332 km ''2 
data provided in the Department o f Irrigation data sheets






















Predicted runoff Is computed by Equation 3-3
Coefficient of determination, r'"2 is computed by Equation 3-5
0.97
Time
Observed Observed Predicted Observed Predicted 
Rainfall Runoff runoff cum runof cum runof 
(in) (in) (in) (in) (in) 0.05
Predicted cumulative runoff, in 
fo r different initial abstractions, la
0.10 0.15 0.20 0.25
Coefficient of 
determination, r''2
Oct-89 7.70 4.55 2.56 4.55 2.56 3.42 3.13 2.84 2.56 2.29 15797.65 3.96
Nov-89 8.37 10.77 3.01 15.32 5.57 7.32 6.73 6.14 5.57 5.02 15048.96 94.99
Dec-89 5.67 1.83 1.32 17.15 6.89 9.37 8.52 7.70 6.89 6.12 14726.97 105.25
Jan-90 4.70 0.88 0.82 18.03 7.72 10.84 9.76 8.72 7.72 6.76 14528.22 106.38
Feb-90 4.64 3.56 0.79 21.59 8.51 12.27 10.96 9.71 8.51 7.37 14337.41 171.19
Mar-90 8.06 3.22 2.81 24.82 11.32 15.95 14.35 12.80 11.32 9.90 13673.52 182.33
Apr-90 12.26 8.04 5.97 32.86 17.29 22.93 20.99 19.11 17.29 15.54 12312.93 242.65
May-90 13.65 4.32 7.11 37.18 24.39 31.09 28.79 26.56 24.39 22.30 10785.64 163.49
Jun-90 6.71 3.48 1.92 40.66 26.32 33.81 31.24 28.74 26.32 23.98 10389.85 205.83
Jul-90 0.32 0.91 0.25 41.57 26.57 33.81 31.28 28.86 26.57 24.44 10338.20 224.95
Aug-90 0.04 0.11 0.39 41.68 26.96 33.83 31.36 29.06 26.96 25.10 10258.44 216.55
Sep-90 20.90 3.73 13.48 45.41 40.44 48.44 45.59 42.92 40.44 38.20 7709.83 24.68
Oct-90 19.92 9.98 12.59 55.39 53.03 62.15 58.92 55.87 53.03 50.42 5658.06 5.59
Nov-90 8.38 4.95 3.02 60.35 56.05 66.06 62.53 59.19 56.05 53.16 5212.53 18.45
Dec-90 7.19 2.97 2.22 63.31 58.27 69.12 65.30 61.68 58.27 55.12 4896.38 25.40
Jan-91 4.04 1.19 0.54 64.50 58.81 70.23 66.21 62.39 58.81 55.50 4821.28 32.33
Feb-91 5.13 0.80 1.03 65.30 59.84 71.94 67.68 63.64 59.84 56.33 4679.14 29.76
Mar-91 9.80 2.38 4.05 67.68 63.90 76.94 72.36 68.00 63.90 60.08 4140.94 14.32
Apr-91 7.59 1.63 2.49 69.31 66.39 80.28 75.41 70.77 66.39 62.30 3826.87 8.55
Table A2j : Prediction o f runoff using areal precipitation for Niiwala Ganga Basin 0\
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Table A2k : The Computational Procedure for the Prediction of Runoff Using Point 
Precipitation Data by the Hawkins Method (Computed by Q-PRO V5.0 
Software)
1. Time (date, month, year) in column 1
2. The observed rainfall in, inches (the data obtained from the Department of 
Meteorology Sri Lanka, October 1989- September 1994) in column 2
3. The observed runoff in, inches (the data obtained from the Department of Irrigation, 
Sri Lanka, October 1989 - September 1994) in column 3.
4. The observed rainfall in decending order in column 4
5. The observed ninoff in decending order in column 5
6. Compute S, the potential maximum retention in, inches using equation 4-1 fora = 
0.05, 0.10, 0.15, 0.20, and 0.25, and results in column 6
IfP>Q
^   ^ ( l - g ) g  + 2 a P  -  v /[(l-q )]g  + 2 a P f  -  -  P O )
2 a-
7. Compute CN, the curve number using equation 3-17 fora = 0.05, 0.10, 0.15, 0.20, 
and 0.25, and results in column 7
8. Apply a chosen form of a regression function to fit to the given data as described in 
Section 4.1.3
9. Compute average CN from the fitted data mentioned-above in 8
10. Apply respective computed average CN to the daily average rainfall data inorder to 
compute Q. Follow steps 1 through 9 of Table A2j













Table A21: Nilwala ganga basin at Annigakanda Rainfall Station Frequency Analysis 















Std deviation = 

















































from E-V  
Type 1 
distributio128.30 2.11 208.80 1 0.0105 1.052 95.0 3.018 2.308 3.097 1.540 205.72 682.38
129.30 2.11 188.00 2 0.0268 2.684 37.3 2.690 1.930 2.360 1.410 186.12 386.96
43.10 1.63 176.20 3 0.0432 4.316 23.2 2.507 1.716 1.983 1.322 173.96 289.47
64.00 1.81 143.50 4 0.0595 5.947 16.8 2.376 1.560 1.727 1.252 164.75 237.54
35.10 1.55 136.80 5 0.0758 7.579 13.2 2.271 1.434 1.531 1.191 157.18 204.29
69.30 1.84 135.30 6 0.0921 9.210 10.9 2.184 1.328 1.372 1.136 150.67 180.76
78.70 1.90 134.10 7 0.1084 10.842 9.2 2.108 1.235 1.238 1.085 144.92 163.02
125.00 2.10 129.30 8 0.1247 12.473 8.0 2.040 1.152 1.122 1.038 139.74 149.04
43.40 1.64 129.10 9 0.1411 14.105 7.1 1.979 1.076 1.019 0.993 135.00 137.67
48.30 1.68 128.30 10 0.1574 15.737 6.4 1.923 1.005 0.926 0.950 130.62 128.19
8.90 0.95 125.00 11 0.1737 17.368 5.8 1.871 0.940 0.842 0.909 126.53 120.13
5.00 0.70 120.40 12 0.1900 19.000 5.3 1.822 0.878 0.764 0.869 122.70 113.17
134.10 2.13 114.50 13 0.2063 20.631 4.8 1.777 0.819 0.692 0.830 119.07 107.08
208.60 2.32 113.10 14 0.2226 22.263 4.5 1.733 0.763 0.625 0.792 115.62 101.68
49.50 1.69 110.50 15 0.2389 23.895 4.2 1.692 0.709 0.562 0.755 112.34 96.86
143.50 2.16 110.20 16 0.2553 25.526 3.9 1.653 0.658 0.503 0.718 109.19 92.52
94.50 1.98 105.80 17 0.2716 27.158 3.7 1.615 0.608 0.446 0.681 106.17 88.58
74.40 1.87 105.20 18 0.2879 28.789 3.5 1.578 0.559 0.392 0.645 103.25 84.98
80.00 1.90 98.00 19 0.3042 30.421 3.3 1.543 0.512 0.341 0.609 100.44 81.67
97.50 1.99 97.50 20 0.3205 32.053 3.1 1.509 0.466 0.291 0.574 97.72 78.62
73.70 1.87 97.30 21 0.3368 33.684 3.0 1.475 0.421 0.244 0.538 95.07 75.80
43.90 1.64 94.50 22 0.3532 35.316 2.8 1.443 0.376 0.198 0.502 92.51 73.16
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Table A2m: Nilwala ganga basin at St.Augustine Rainfall Station Frequency Analysis
Log-Pearson Type III Distribution(l-P III) and Extreme value Type I (E-V I)
Constant b = 0.355
MEAN = 1.616
Std deviation = 0.455
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Table A2n: Nilwala ganga basin at Mawarella Rainfall Station Frequency Analysis
Log-Pearson Type III Distribution(l-P III) and Extreme value Type I (E-V I)
Constant b = 0.355
MEAN = 1.635
Std deviation = 0.490











































from E-V  
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Table A2o: Nilwala ganga basin at Pittabedara Discharge Station Frequency Analysis




















Std deviation = 















































from E-V  
Type 1 
distributio11.95 1.08 372.83 1 0.0117 1.167 85.7 2.984 2.268 3.016 2.187 120.24 327 8020.12 1.30 89.32 2 0.0298 2.975 33.6 2.651 1.885 2.279 1.834 78.48 134.377.00 0.85 89.32 3 0.0478 4.784 20.9 2.466 1.667 1.901 1.631 61.38 85.105.29 0.72 36.47 4 0.0659 6.593 15.2 2.332 1.507 1.644 1.482 51.22 62 332.69 0.43 32.75 5 0.0840 8.401 11.9 2.226 1.379 1.447 1.360 44.24 49 1416.55 1.22 32.69 6 0.1021 10.210 9.8 2.136 1.270 1.287 1.257 39.05 40 517.26 0.86 31.34 7 0.1202 12.018 8.3 2.059 1.174 1.153 1.166 34 97 34 4031.34 1.50 30.25 8 0.1383 13.827 7.2 1.989 1.088 1.035 1.084 31.66 29 867.97 0.90 22.94 9 0.1564 15.636 6.4 1.926 1.010 0.931 1.008 28.90 26.336.44 0.81 20.12 10 0.1744 17.444 5.7 1.869 0.937 0.838 0.938 26.55 23 511.71 0.23 17.06 11 0.1925 19.253 5.2 1.815 0.868 0.753 0.873 24.52 21.210.55 -0.26 16.55 12 0.2106 21.062 4.7 1.765 0.804 0.674 0.810 22 75 19 2911.94 1.08 15.65 13 0.2287 22.870 4.4 1.718 0.743 0.601 0.751 21 17 17 6630.25 1.48 15.22 14 0.2468 24.679 4.1 1.673 0.684 0.533 0.694 19.76 16.2610.59 1.02 14.86 15 0.2649 26.488 3.8 1.630 0.628 0.469 0.639 18.50 15.056.36 0.80 14.68 16 0.2830 28.296 3.5 1.589 0.574 0.408 0.586 17.35 13 984.85 0.69 14.36 17 0.3010 30.105 3.3 1.550 0.521 0.350 0.535 16.30 13.044.65 0.67 13.35 18 0.3191 31.914 3.1 1.511 0.470 0.295 0.485 15.34 12 209.61 0.98 11.95 19 0.3372 33.722 3.0 1.474 0.420 0.243 0.435 14.45 11 444.52 0.66 11.95 20 0.3553 35.531 2.8 1.439 0.371 0.192 0.387 13.63 10.7613.35 1.13 11.95 21 0.3734 37.339 2.7 1.404 0.322 0.143 0.340 12.87 10.144.89 0.69 11.94 22 0.3915 39.148 2.6 1.370 0.275 0.096 0.293 12.16 9 587.25 0.86 10.59 23 0.4096 40.957 2.4 1.336 0.228 0.050 0.247 11.50 9.063.07 0.49 9.71 24 0.4277 42.765 2.3 1.303 0.182 0.005 0.201 10.88 8.58
173
xf IDCOg g IDCOIDOR IDR s Rg g pv03R 5 COf R g S g s ? CNOCO03
COp IDCN
CON pvCOCDCOCOIDIDIDLD xf Xf xf COCOCOCOCOCOCNCNCNCNCNCN
g R RR CNg xf Og 03g R i f )03 i f )CDg ooo 00LDLDoCOCOo g g LDCOCOO03COCD(DXf R
0303R














Oo Oo q 9 9 q q 9 q 9 9 9 q 9 q 9 9 q 9 9 9 "zz ' T ' 9
i
COo R

























s § g g R g gCO
pv









Oo Oq q q q q 9 9 q 9 q q 9 q q 9 9 9 9 9 q V 9



















OOOo o o o o Oo OOOo o o OO o o Oo
























? COXf g D g IDID P-ID03D QCOS s g
COCD



































o o Oo OOOOOOOo o Oo o o Oo o o Oo o o o o Oo Oo
RRRRRoCOCOg COCOPi i f )COg g OCO03COo xf g COxf ? i f )xf pvCOxf 03xf oi n IDg COi n Xfi n i ni n
£ ODR 03IDR R g OO g COo g Roo § s s LDCDLDCOg opvpvo O ) g pvIDi no 0303p mi n i n
O) COCOpvpvP^ pvpv P^ COCDCDID i f ) ID xf xf Xf xf xf COCOCNCNCNCN o o
COo CD
pv.
IDOCOxf •fCOpvCDR D 0303pvCOg COOOCDCOo 0303g g i n03CDCOopv$ i n03P CNi n
i n00RCOR
O o O q O O O o o o CN o o o O o O
IDO) g R 0303g IDIDCDS 03CDs OCNs g
pvxf S COCDi n03pz COo S g S
oo 03ggR§ g i no 5
xf CO CNo g ID00 IDgpv■f*îz: 03CDs gg i n CNgN"gp D CN00













Table A2p: Gin ganga basin at Arpthorpe Rainfall Station Frequency Analysis
Log-Pearson Type 111 Distribution(l-P 111) and Extreme value Type 1 (E-V 1)
Constant b = 0.355
MEAN = 1.693
Std deviation = 0.276
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Table A2q, Gin ganga basin at Baddegama Rainfall Station Frequency Analysis
Log-Pearson Type III Dîstribution(l-P III) and Extreme value Type I (E-V I)
Constant b =
MEAN =
Std deviation = 







































































from E-V  
Type 1 
distribution
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Table A2r: Gin ganga basin at Agaliya Discharge Station Frequency Analysis
Log-Pearson Type 111 Distribution(l-P 111) and Extreme value Type 1 (E-V 1)
Constant b = 0.355
MEAN = 1.140
Std deviation = 0.405
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Table A2s : Prediction of runoff by Hjelmfelt (1980) method
for Nilwala Ganga basin at Annigakanda Estate.
CN(2) = 54.8
maximum potential retention, S = 8.25 in
base flow = 3.0 (m''3/sec)
Initial abstractions = 0.05
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208.80 371.58 14.6 8.9970 879.9 1432.40 1.052
188.00 277.78 10.9 5.8997 577.0 341.09 2.684
176.20 235.51 9.3 4.5882 448.7 340.90 4.316
143.50 208.85 8.2 3.7983 371.5 340.90 5.947
136.80 189.63 7.5 3.2513 318.0 243.30 7.579
135.30 174.75 6.9 2.8423 278.0 171.40 9.210
134.10 162.67 6.4 2.5212 246.6 137.40 10.842
129.30 152.54 6.0 2.2602 221.0 123.17 12.473
129.10 143.86 5.7 2.0428 199.8 123.10 14.105
128.30 136.28 5.4 1.8582 181.7 122.86 15.737
125.00 129.55 5.1 1.6989 166.2 117.64 17.368
120.40 123.52 4.9 1.5599 152.6 113.45 19.000
114.50 118.07 4.6 1.4372 140.6 85.30 20.631
113.10 113.08 4.5 1.3280 129.9 74.46 22.263
110.50 108.50 4.3 1.2302 120.3 62.70 23.895
110.20 104.26 4.1 1.1418 111.7 60.72 25.526
105.80 100.32 3.9 1.0617 103.8 57.24 27.158
105.20 96.64 3.8 0.9887 96.7 55.61 28.789
98.00 93.19 3.7 0.9218 90.1 54.21 30.421
97.50 89.94 3.5 0.8603 84.1 54.20 32.053
97.30 86.86 3.4 0.8036 78.6 53.50 33.684
94.50 83.95 3.3 0.7511 73.5 52.28 35.316
93.00 81.18 3.2 0.7024 68.7 48.40 36.947
86.70 78.54 3.1 0.6571 64.3 43.02 38.579
86.50 76.02 3.0 0.6149 60.1 43.01 40.210
85.30 73.60 2.9 0.5754 56.3 43.00 41.842
85.00 71.28 2.8 0.5385 52.7 42.96 43.474
80.00 69.05 2.7 0.5039 49.3 37.78 45.105
79.80 66.90 2.6 0.4714 46.1 34.40 46.737
78.70 64.83 2.6 0.4408 43.1 33.99 48.368
74.40 62.82 2.5 0.4120 40.3 30.90 50.000
73.70 60.88 2.4 0.3848 37.6 28.58 51.632
70.60 59.00 2.3 0.3592 35.1 27.70 53.263
69.30 57.16 2.3 0.3350 32.8 25.88 54.895
64.00 55.38 2.2 0.3121 30.5 24.95 56.526
60.00 53.65 2.1 0.2904 28.4 24.92 58.158
58.20 51.95 2.0 0.2699 26.4 24.20 59.790
56.50 50.30 2.0 0.2504 24.5 23.96 61.421
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
181
56.10 48.67 1.9 0.2319 22.7 22.90 63.053
49.60 47.09 1.9 0.2144 21.0 22.90 64.684
49.50 45.52 1.8 0.1978 19.3 21.80 66.316
48.30 43.99 1.7 0.1820 17,8 21.47 67.947
46.70 42.48 1.7 0.1670 16.3 20.20 69.579
45.70 40.99 1.6 0.1527 14.9 18.80 71.211
43.90 39.51 1.6 0.1392 13.6 18.40 72.842
43.40 38.06 1.5 0.1263 12.4 17.36 74.474
43.10 36.61 1.4 0.1141 11.2 16.25 76.105
40.00 35.17 1.4 0.1025 10.0 15.83 77.737
35.80 33.74 1.3 0.0915 8.9 15.66^ 79.369
35.10 32.30 1.3 0.0811 7.9 15.03 81.000
32.20 30.86 1.2 0.0712 7.0 14.90 82.632
32.00 29.42 1.2 0.0618 6.0 14.42 84.263
31.00 27.96 1.1 0.0530 5.2 11.24 85.895
31.00 26.47 1.0 0.0447 4.4 8.81 87.527
28.90 24.95 1.0 0.0368 3.6 8.20 89.158
23.60 23.39 0.9 0.0295 2.9 7.34 90.790
20.00 21.75 0.9 0.0227 2.2 6.91 92.421
14.70 20.02 0.8 0.0164 1.6 4.90 94.053
13.80 18.14 0,7 0.0106 1.0 3.57 95.684
8.90 15.98 0.6 0.0055 0.5 -0.88 97.316
5.00 13.20 0.5 0.0014 0.1 -2.44 98.948
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Table A2t : Prediction of runoff by Hjelmfelt (1980) method
for Nilwala Ganga basin at St. Augustine Estate.
182
CN(2) = 54.8
maximum potential retention, S = 8.25 in
base flow = 3.0 (m'‘3/sec)
Initial abstractions = 0.128




























151.60 414.89 16.3 9.9219 970.4 1432.40 1.393
145.50 274.44 10.8 5.2810 516.5 341.09 3.554
132.60 216.58 8.5 3.5508 347.3 340.90 5.714
127.80 182.03 7.2 2.6006 254.3 340.90 7.874.
121.20 158.16 6.2 1.9926 194.9 243.30 10.035
119.30 140.29 5.5 1.5696 153.5 171.40 12.195
119.00 126.21 5.0 1.2591 123.1 137.40 14.355
111.30 114.72 4.5 1.0228 100.0 123.17 16.515
111.00 105.08 4.1 0.8380 82.0 123.10 18.676
86.50 96.85 3.8 0.6907 67.6 122.86 20.836
85.50 89.69 3.5 0.5714 55.9' 117.64 22.996
85.30 83.39 3.3 0.4736 46.3 113.45 25.157
78.90 77.79 3.1 0.3927 38.4 85.30 27.317
76.00 72.75 2.9 0.3252 31.8 60.72 29.477
71.50 68.20 2.7 0.2687 26.3 57.24 31.638
71.20 64.05 2.5 0.2212 21.6 55.61 33.798
66.50 60.24 2.4 0.1811 17.7 54.21 35.958
63.50 56.74 2.2 0.1472 14.4 54.20 38.118
63.50 53.49 2.1 0.1186 11.6 53.50 40.279
61.40 50.47 2.0 0.0945 9.2 48.40 42.439
55.60 47.65 1.9 0.0742 7.3 43.01 44.599
54.60 45.01 1.8 0.0572 5.6 43.00 46.760
52.10 42.53 1.7 0.0432 4.2 42.96 48.920
51.30 40.19 1.6 0.0316 3.1 37.78 51.080
51.20 37.97 1.5 0.0222 2.2 34.40 53.240
48.50 35.88 1.4 0.0148 1.4 30.90 55.401
45.50 33.88 1.3 0.0091 0.9 28.58 57.561
39.00 31.98 1.3 0.0049 0.5 25.88 59.721
38.10 30.16 1.2 0.0021 0.2 24.20 61.882
35.20 28.42 1.1 0.0005 0.0 22.90 64.042
34.50 26.75 1.1 0.0000 0.0 22.90 66.202
34.00 25.15 1.0 0.0005 0.1 21.47 68.362
34.00 23.60 0.9 0.0020 0.2 20.20 70.523
31.00 22.10 0.9 0.0043 0.4 18.80 72.683
31.00 20.65 0.8 0.0074 0.7 18.40 74.843
23.10 19.24 0.8 0.0112 1.1 16.25 77.004
22.20 17.86 0.7 0.0157 1.5 15.03 79.164
19.80 16.52 0.7 0.0210 2.1 11.24 81.324
18.00 15.19 0.6 0.0269 2.6 8.81 83.485
14.00 13.88 0.5 0.0335 3.3 8.20 85.645
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13.60 12.58 0.5 0.0409 4.0 6.91 87.805
11.30 11.27 0.4 0.0490 4.8 4.90 89.965
8.10 9.95 0.4 0.0562 5.7 4.65 92.126
5.10 8.57 0.3 0.0686 6.7 3.57 94.286
3.00 7.07 0.3 0.0809 7.9 -0.88 96.446
1.00 5.29 0.2 0.0970 9.5 -2.44 98.607
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Table A2u : Prediction of runoff by Hjelmfelt (1980) method
for Nilwala Ganga basin at Mawarella Estate.
184
CN(2) = 54.8
maximum potential retention, S =
base flow = 3.0 (m'‘3/sec)
Initial abstractions = 0.2





























228.30 538.51 21.2 13.7505 1344.8 1432.40 1.126
181.10 347.75 13.7 7.1461 698.9 243.30 2.871
179.30 270.93 10.7 4.7093 460.6 171.40 4.617
175.50 225.71 8.9 3.3819 330.7 137.40 6.362
139.70 194.79 7.7 2.5395 248.4 122.86 8.108
135.00 171.85 6.8 1.9585 191.5 117.64 9.853
125.00 153.91 6.1 1.5363 150.3 74.46 11.599
124.00 139.37 5.5 1.2184 119.2 62.70 13.344
119.70 127.25 5.0 0.9727 95.1 60.72 15.090
114.30 116.96 4.6 0.7794 76.2 57.24 16.835
113.10 108.06 4.3 0.6251 61.1 55.61 18.581
87.60 100.26 3.9 0.5006 49.0 52.28 20.326
87.60 93.36 3.7 0.3995 39.1 48.40 22.072
85.00 87.20 3.4 0.3170 31.0 43.02 23.817
83.20 81.64 3.2 0.2494 24.4 43.01 25.563
77.50 76.60 3.0 0.1941 19.0 43.00 27.308
76.00 72.00 2.8 0.1489 14.6 42.96 29.054
71.50 67.78 2.7 0.1120 11.0 37.78 30.799
71.40 63.89 2.5 0.0822 8.0 34.40 32.545
67.80 60.28 2.4 0.0584 5.7 33.99 34.290
64.50 56.94 2.2 0.0396 3.9 30.90 36.036
61.70 53.81 2.1 0.0252 2.5 28.58 37.781
57.10 50.89 2.0 0.0146 1.4 27.70 39.527
54.10 48.15 1.9 0.0071 0.7 25.88 41.272
51.80 45.56 1.8 0.0025 0.2 24.95 43.018
47.40 43.13 1.7 0.0003 0.0 24.92 44.763
45.20 40.82 1.6 0.0002 0.0 24.20 46.509
45.00 38.64 1.5 0.0020 0.2 23.96 48.254
45.00 36.56 1.4 0.0055 0.5 22.90 50.000
44.40 34.58 1.4 0.0104 1.0 22.90 51.746
42.90 32.70 1.3 0.0167 1.6 21.80 53.491
42.00 30.89 1.2 0.0240 2.4 21.47 55.237
42.00 29.17 1.1 0.0324 3.2 20.20 56.982
34.00 27.51 1.1 0.0418 4.1 18.80 58.728
34.00 25.92 1.0 0.0520 5.1 18.40 60.473
29.00 24.39 1.0 0.0629 6.2 17.36 62.219
27.00 22.91 0.9 0.0745 7.3 15.83 63.964
25.90 21.48 0.8 0.0868 8.5 15.66 65.710
25.70 20.09 0.8 0.0998 9.8 15.03 67.455
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25.00 16.75 0.7 0.1132 11.1 14.90 69.201
23.30 17.44 0.7 0.1273 12.4 14.90 70.946
23.00 16.16 0.6 0.1419 13.9 14.42 72.692
23.00 14.91 0.6 0.1571 15.4 11.24 74.437
22.90 13.69 0.5 0.1729 16.9 8.81 76.183
16.50 12.47 0.5 0.1893 18.5 7.34 77.928
15.70 11.27 0.4 0.2066 20.2 6.91 79.674
9.50 10.06 0.4 0.2247 22.0 4.90 81.419
6.20 8.84 0.3 0.2440 23.9 4.65 83.165
6.00 7.57 0.3 0.2649 25.9 3.57 84.910
1.00 6.21 0.2 0.2885 28.2 -0.88 86.656
1.00 4.60 0.2 0.3181 31.1 -2.44 88.401
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Table A2v : Prediction of runoff by Hjelmfelt (1980) method
for Gin Ganga basin at Arpthorpe Estate.
186
CN(2) = 70.5
maximum potential retention, S = 4.18
base flow = 4.0 (m''3/sec)
Initial abstractions = 0.05
in




























93.78 207.93 8.2 5.2322 1047.8 257.85 1.131
92.72 163.00 6.4 3.7086 742.7 247.63 2.941
91.46 141.91 5.6 3.0246 605.7 244.60 4.751
90.18 128.26 5.0 2.5961 519.9 243.80 6.561
88.88 118.23 4.7 2.2899 458.6 233.61 8.371
87.59 110.33 4.3 2.0548 411.5 216.34 10.181
86.30 103.83 4.1 1.8656 373.6 214.71 11.991
85.02 98.31 3.9 1.7086 342.1 207.00 13.801
83.74 93.53 3.7 1.5751 315.4 203.75 15.611
82.47 89.30 3.5 1.4595 292.3 187.70 17.421
81.20 85.52 3.4 1.3580 271.9 185.47 19.231
79.94 82.09 3.2 1.2678 253.9 181.25 21.041
78.67 78.97 3.1 1.1869 237.7 181.23 22.851
77.41 76.09 3.0 1.1137 223.0 176.98 24.661
76.15 73.42 2.9 1.0470 209.7 176.98 26.471
74.88 70.93 2.8 0.9860 197.4 174.94 28.281
73.61 68.59 2.7 0.9297 186.2 170.06 30.090
72.34 66.40 2.6 0.8776 175.7 163.10 31.900
71.07 64.32 2.5 0.8293 166.1 154.20 33.710
69.79 62.35 2.5 0.7841 157.0 149.22 35.520
68.50 60.47 2.4 0.7419 148.6 145.26 37.330
67.21 58.68 2.3 0.7023 140.6 137.35' 39.140
65.91 56.96 2.2 0.6650 133.2 129.99 40.950
64.60 55.31 2.2 0.6298 126.1 129.97 42.760
63.28 53.73 2.1 0.5965 119.5 129.00 44.570
61.96 52.20 2.1 0.5650 113.1 126.30 46.380
60.62 50.72 2.0 0.5350 107.1 126.29 48.190
59.27 49.28 1.9 0.5065 101.4 120.77 50.000
57.90 47.89 1.9 0.4794 96.0 118.91 51.810
56.53 46.53 1.8 0.4534 90.8 114.27 53.620
55.13 45.21 1.8 0.4287 85.8 110.42 55.430
53.72 43.92 1.7 0.4049 81.1 107.85 57.240
52.30 42.65 1.7 0.3822 76.5 105.32 59.050
50.85 41.42 1.6 0.3604 72.2 104.00 60.860
49.38 40.20 1.6 0.3394 68.0 102.37 62.670
47.89 39.00 1.5 0.3192 63.9 99.67 64.480
46.38 37.82 1.5 0.2997 60.0 91.33 66.290
44.84 36.65 1.4 0.2810 56.3 89.49 68.100
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43.27 35.50 1.4 0.2628 52.6 74.75 69.910
41.67 34.35 1.4 0.2453 49.1 71.63 71.719
40.04 33.21 1.3 0.2284 45,7 70.08 73.529
38.37 32.08 1.3 0.2119 42.4 68.24 75.339
36.66 30.94 1.2 0.1960 39.2 64.57 77.149
34.90 29.80 1.2 0.1805 36.1 51.82 78.959
33.09 28.65 1.1 0.1654 33.1 49.27 80.769
31.22 27.49 1.1 0.1507 30.2 46.72 82.579
29.29 26.31 1.0 0.1363 27.3 38.94 84.389
27.29 25.10 1.0 0.1223 24.5 37.78 86.199
25.19 23.86 0.9 0.1085 21.7 35.92 88.009
22.99 22.57 0.9 0.0949 19.0 35.81 89.819
20.66 21.22 0.8 0.0815 16.31 25.34 91.629
18.15 19.76 0.8 0.0581 13.6 24.92 93.439
15.42 18.16 0.7 0.0545 10.9 23.36 95.249
12.31 16.29 0.6 0.0405 8.V 18.69 97.059
8.44 13.83 0.5 0.0248 5.0 18.69 98.869
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APPENDIX 3- HEC-1 RESULTS
HEC-1 output for 1^= 0.05S 
A description o f the HEC-1 input cards 
SOS unit hydrograph for = 0.05S and 0.25S
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Table A3 a: HEC-1 output for Nilwala Ganga Basin at Aningkanda Estate Rainfall 189
Gauging Station
FL O O D  H Y D R O G R A P H  P A C K A G E  a r n C - l )  •  * U .S . A R M Y  C O R P S O F  E N G IN EE R S
F E B R U A R Y  1981 •  •  T H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  •
R E V ISE D  02 A U G  88 •  •  60 9  S E C O N D  S T R E E T  *
•  < D A V IS , C A L IFO R N IA  95616  •
R U N  D A TE  09 /29 /1998  T IM E  1 1 :3 5 :1 0 "  •  (916 ) 551-1748  *
X X  X X X X X X X X X X X X
X X X  X X X X
X X X  X X
X X X X X X X  x x x x X  >
X X X  X X
X X X  X X X
X X  X X X X X X X X X X X X
X X X X X  X
X X X
T H IS P R O G R A M  R E P L A C E S  A L L  PR E V IO U S V E R SIO N S O F  HEC-1 K N O W N  A S  H E C I (JA N  73), H E C IG S , H E C ID B , A N D  
H E C IK W .
T H E  D E FIN IT IO N S O F V A R IA B L E S  -R T IM P- A N D  -R T IO R - H A V E  C H A N G E D  F R O M  T H O S E  U S E D  W IT H  H I E  1973-S IY L E  
IN P U T  ST R U C T U R E .
T H E  D E F IN IH O N  O F  -A M S K K - O N  R M -C A R D  W A S C H A N G E D  W IT H  R E V ISIO N S D A T E D  28  S E P  8 1. T H IS  IS T H E  FO R T R A N 77  
V E R SIO N
N E W  O P T IO N S ; D A M B R E A K  O U T F L O W  SU B M E R G E N C E  , SIN G L E  E V E N T  D A M ,\G E  C A L C U L A T IO N , D SS;W R 1T E  ST A G E  
FR E Q U E N C Y ,
D S S:R E A D  T IM E  S E R IE S  A T  D E SIR E D  C A L C U L A H O N  IN T E R V A L  L O SS R A T E :G R E E N  A N D  A M P T  IN F IL T R A T IO N  
K IN E M A T IC  W A V E : N E W  F IN IT E  D D -TEREN CE A L G O R IT H M
1 H E C-1 IN P U T  P A G E  1
LI7Æ . .... 9 ...... 10
1 ID
2
3 ID  % %  N IL W A L A  G A N G A  B A SIN % %
4 ID  %%  A n in g k an d a  R ainfall G aug ing  S ta tion
5 ID  %%  F o r la  =  0 .05S  % %
6 ID  % %  W A T E R S H E D  A N A L Y SIS % %
7 ID  %%  T ype  1,24*lio itr d istribu tion  %%
S ID  % %  5 -y e ar rctiin t period  %%
9 ID  % %  %%
10 ID  % %  %%
11 ID  %% %%
12 ID  %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
13 ID
•D IA G R A M
14 IT  10 0  0 300
15 1 0  2  0 0
16 IN  5 0 0
17 JR  P R E C  1.00
IS K K  A nn-1
19 K M  B asin  ru n o ff  using  A ningkanda
20 K M  B A S IN  A nn-1
21 K M  A rca=  128.50 M iles^2
22 K M  C N =  54.8
23 K M  T c “  33 .17  h ou rs
24 K M
25 B A  128.5
26 PB 7.64
27 P C  0 .000  0 .0 1 8  0 .035  0 ,036 0 .076 0.101 0 .125 0 .156 0 .194  0 .254
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28 P C 0.515 0 .624 0 .682 0.727 0 .767  0 .799 0 .830 0 .854 0 .8 7 8  0 .902
29 P C 0 .926 0 .945 0.963 0.982 1.000




S C H E M A T IC  D IA G R A M  O F S T R E A M  N E T W O R K
IN P U T
L IN E  (V ) R O U T IN G  (— > ) D IV E R S IO N  O R  PU M P FL O W
N O . {.) C O N N E C T O R  (< — ) R E T U R N  O F  D IV E R T E D  O R  P U M P E D  FL O W
18 A ug-1
( • • • )  R U N O F F  A L SO  C O M P U T E D  A T  T H IS  L O C A T IO N  
   .....
FL O O D  H Y D R O G R A P H  P A C K A G E  (H E C -1) •  
F E B R U A R Y  1981 •
R E V IS E D  02 A U G  88 •
R U N  D A T E  09 /29 /1998  T IM E  11 :35 :10*
•  U .S . A R M Y  C O R P S O F E N G IN EE R S 
•  T H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  *
•  609  SE C O N D  ST R E E T  •
D A V IS , C A L IF O R N IA  9 5616  •
•  (916) 551-1748
% %  N IL W A L A  G A N G A  B A S IN  % %
Vo% S t.A u g u s tin e  Rainfall G aug ing  S tation 
% %  F o r la  = 0 .25S  %%
%%  W A T E R S H E D  A N A L Y S IS  ' %%
%% T ype  I, 24-hou r d istribu tion  % %





10 O U T P U T  C O N T R O L  V A R IA B L E S 
IPR N T  2 P R IN T  C O N T R O L
IPL O T  0 P L O T  C O N T R O L
Q S C A L  0 . H Y D R O G R A P H  P L O T  SC A LE
r  H Y D R O G R A P H  T IM E  D A TA
N M IN  10 M IN U T E S IN C O M P U T A T IO N  IN T E R V A L  
ID A TE  1 0  S T A R T IN G  DA TE
rriME 0000  s t a r t i n g  t i m e
N Q  300 N U M B E R  O F  H Y D R O G R A P H  O R D IN A T E S  
N D D A T E  3 0 E N D IN G  D A TE
N D T IM E  0 1 5 0  E N D IN G  TIM E
IC E N T  19 C E N IU R Y  M A RK
C O M P U T A T IO N  IN T E R V A L  . 17 H O U R S  
T O T A L  T IM E  B A S E  49 .8 3  H O U R S
E N G L IS H  U N IT S
D R A IN A G E  A R E A  S Q U A R E  M IL E S 
P R E C IP IT A T IO N  D E P T H  IN C H ES 
L E N G T H , E L E V A T IO N  FE E T  
F L O W  C U B IC  FE E T  PER S E C O N D
S T O R A G E  V O L U M E  A C R E -FE E T  
S U R F A C E  A R E A  A C R E S 
T E M P E R A T U R E  D E G R E E S FA PIR E N H E IT
' M U L T I-P L A N  O P T IO N
N P L A N  1 N U M B E R  O F PLA N S
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Gauging Station
J R  M U L T I-R A T IO  O P T IO N
R A T IO S OF PR E C IP IT A T IO N
1.00
Aug-1
B asin  ru n o ff  using  S t.A u g u s tin e  
B A S IN  A ug-1 
A re a »  128.50 M ilcs'^2 
C N =  54.8 
T c =  33.17 h ou rs
16 IN  T IM E  D A TA  F O R  IN P U T  T IM E  SE R IE S
JX M IN  5  T IM E  IN T E R V A L  IN  M IN U T ES
JX D A T E  1 0  S T A R T IN G  D A T E  
JX T IM E  0 S T A R T IN G  T IM E
SU B B A S IN  R U N O F F  D A T A
25 BA SUBBASIN CHARACrERlSTICS
T A R E A  128.50 S U B B A S IN  A R E A
PR E C IPIT A T IO N  D A T A
26 PB  ST O R M  7.64  B A S IN  T O T A L  PR E C IPIT A T IO N
27 P I IN C R E M E N T A L  P R E C IP IT A T IO N  P A IT E R N
.04 .04 .05 .07  .32 .17 .09 .06  .05
.04 .04
30  L S  s e s  L O SS R A T E
S T R T L  .41 IN IT IA L  A B S T R A C T IO N  
C R V N B R  5 4 .80  C U R V E  N U M B E R
R T IM P  .00 P E R C E N T  IM P E R V IO U S  A REA
31 U D  s e s  D IM E N S IO N L E S S  U N IT G R A P H
T L A G  19.86 L A G
• • •  W A R N IN G  • • •  U N IT  H Y D R O G R A P H  T R U N C A T E D  F R O M  59 8  T O  500  IN IE R V A L S
• • •  W A R N IN G  •  V O L U M E  U N D E R  U N IT  G R A PH  =  .95
O R D IN A T E S O F  U N IT  G R A P H  W E R E  IN C R E A S E D  T O  O B T A IN  1.0 IN C H E  O F R U N O FF. 
T O  P R E V E N T  T H IS . IN C R E A S E  T H E  C O M PU T A T IO N  IN T E R V A L  ON T H E  "IT" R E C O R D .
U N IT  H Y D R O G R A P H  
300  E N D -O F -P E R IO D  O R D IN A T E S 
V O L U M E »  1.00 
8. 17. 25 . 33. 41 50. 58. 66 . 74. 83 .
91 . 100. 119, 138, 157, 177. 196. 2 15 . 235 . 254.
273 . 292 . 312 . 331. 356 . 381 . 406. 4 31 . 455 . 480.
505. 5 30 . 555 . 579. 6 04 . 6 30 . 663. 6 96 . 729 . 762.
795 . 828. 861 . 894. 927 , 9 60 . 993. 1028. 1072. 1116.
1160. 1204. 1248. 1293 1337. 1381. 1425. 1469. 1513. 1558.
1611. 1663. I 7 I 5 .  1768. 1820. 1873. 1925. 1977. 2030. 2082.
2134 . 2185 . 22 2 9 . 2273 2317 . 2361. 2405. 24 4 9 . 2494. 2538.
2582. 2626 . 2670 . 2711. 2741. 2771. 2802. 28 3 2 . 2862. 2892.
2923 . 2953 . 2983 . 3014, 3044. 3071. 3087. 31 0 4 . 3120. 3137.
3153. 3170 . 31 8 6 . 3203. 3219. 3236. 3252. 32 6 5 . 3267. 3270,
3273 . 3276. 3279 , 3281. 3284 . 3287. 3290. 3292 . 3295. 3296.
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3293. 3290. 3288. 3285. 3282. 3279,, 3277. 3274 . 3271 . 32 6 8 .
3266 . 3258. 3241. 3225. 3208. 3192,, 3175. 3159 . 3142 . 31 2 5 .
3109 . 3092. 3076. 3058. 3039. 3020,, 3000. 2981. 2962 . 29 4 2 .
2923. 2904. 2885. 2865. 2846. 2826,, 2804. 2781. 2759 . 27 3 7 .
2715. 2693. 2671. 2649. 2627. 2605. 2583. 2558 . 2531. 2 5 0 3 .
2476. 2448. 2421. 2393. 2366. 2338. 2310. 2283 . 2255. 2 2 25 .
2192. 2159. 2126. 2093. 2060. 2027. 1994. 1961. 1927. 1894.
1861. 1831. 18M. 1776. 1749. 1721. 1694. 1666. 1638. 1611.
1583. 1556. 1528. 1505. 1486. 1467. 1448. 1428. 1409. 1390.
1370. 1351. 1332. 1313. 1293. 1276. 1259. 1243. 1226. 1210.
1193. 1176. 1160. 1143. 1127. 1110. 1094. 1079. 1065. 1052.
1038. 1024. 1010. 996. 983. 969. 955. 941 . 928 . 916.
906. 896. 886. 876. 866. 856. 846 . 836 . 826. 816.
806. 796. 786. 775. 765. 755. 745 . 735 . 725. 715.
705. 695. 685. 676. 668 . 660. 651 . 6 4 3 . 635. 627.
618. 610. 602. 594. 585, 577. 569 . 561 . 552. 544.
536. 527. 519. 511. 503. 494. 486 . 4 8 0 . 475, 469.
464. 458. 453. 447. 442. 436. 4 3 1 . 4 2 5 . 420 . 414.
I lY D R O G R A P H  A T  S T A T IO N  A ug-1
D A  M O N  H R M N  O R D  RA IN  L O SS E X C E SS C O M P  Q D A M O N IIR M N  O R D  R A IN  LO SS E X C E SS C O M P Q
0000 1 .00 .00 .00 0. 2 0100  151 .00 .00 .00 10328.
0010 2 .27 .27 .00 0. 2 0110  152 .00 .00 .00 10265.
0020 3 .31 .31 ,00 0. 2 0120  153 .00 ,00 .00 10202.
0030 4 .37 .34 .03 0. 2 0130  154 .00 .00 .00 10139.
0040 5 ,53 .44 .09 1. 2 0140  155 .00 .00 .00 10075.
0050 6 2.45 1.52 .93 10. 2 0150  156 .00 .00 .00 10010.
0100 7 1.28 .57 .71 25. 2 0200  157 .00 .00 .00 9945.
0110 8 .65 .25 .40 43. 2 0210  158 .00 .00 ,00 9879.
0120 9 .48 .17 .31 63. 2 0220  159 .00 .00 .00 9814.
0130 10 .37 .12 .25 86. 2 0230  160 .00 .00 .00 9749.
0140 11 .37 .12 .25 110. 2 0240  161 .00 .00 .00 9682.
0150 12 ,28 .08 .20 136. 2 0250  162 .00 .00 ,00 9613.
0200 13 ,28 .08 .20 164. 2 0300  163 .00 .00 .00 9543.
0210 14 .00 .00 .00 192. 2 0310  164 .00 .00 .00 9471.
0220 15 .00 .00 .00 220. 2 0320  165 .00 .00 .00 9399.
0230 16 .00 .00 .00 249. 2 0330  166 .00 .00 .00 9326.
0240 17 .00 .00 .00 278. 2 0340  167 .00 .00 .00 9253.
0250 18 .00 .00 .00 318. 2 0 350  168 .00 .00 .00 9179.
0300 19 .00 .00 .00 366 . 2 0 400  169 .00 .00 .00 9104.
0310 20 .00 .00 .00 417. 2 0 410  170 .00 .00 .00 9030.
0320 21 .00 ,00 ,00 473. 2 0420  171 .00 .00 .00 8955.
0330 22 ,00 ,00 .00 531. 2 0430  172 .00 ,00 ,00 8880.
0340 23 .00 ,00 ,00 592. 2 0440  173 .00 .00 ,00 8803.
0350 24 ,00 .00 .00 655. 2 0450  174 .00 .00 ,00 8721.
0400 25 ,00 .00 .00 720. 2 0500  175 .00 .00 .00 8635.
0410 26 .00 .00 .00 785. 2 0510  176 .00 .00 .00 8548.
0420 27 .00 .00 .00 850. 2 0520  177 .00 ,00 .00 8459,
0430 28 .00 .00 .00 915. 2 0530  178 .00 ,00 .00 8369.
0440 29 .00 ,00 .00 982. 2 0540  179 ,00 ,00 ,00 8278.
0450 30 ,00 ,00 ,00 1053. 2 0550 180 ,00 ,00 .00 8185.
0500 31 .00 .00 ,00 1128. 2 0600  181 ,00 ,00 ,00 8092.
0510 32 .00 .00 .00 1205. 2 0610  182 ,00 .00 .00 7999.
0520 33 ,00 .00 .00 1284. 2 0620  183 .00 .00 .00 7906.
0530 34 .00 .00 .00 1364. 2 0630  184 .00 .00 .00 7813.
0540 35 .00 .00 .00 1446. 2 0640  185 .00 .00 .00 7716.
0550 36 .00 .00 .00 1529. 2 0650  186 .00 .00 ,00 7615.
0600 37 ,00 ,00 ,00 1612. 2 0700  187 ,00 ,00 .00 7512.
0610 38 ,00 00 .00 1696. 2 0710  188 ,00 .00 .00 7406.
0620 39 .00 ,00 .00 1780. 2 0720  189 ,00 ,00 .00 7298.
0630 40 ,00 .00 .00 1864. 2 0730  190 .00 .00 .00 7190.
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41 .00 .00 .00 1950. 2 0740  191 .00 .00 .00 7079.
1 0650 42 .00 .00 .00 2043. 2 0750  192 .00 .00 .00 6968.
1 0700 43 .00 .00 .00 2141 . 2 0800  193 .00 .00 .00 6857.
! 0710 44 .00 .00 .00 2243 . 2 0810  194 .00 .00 .00 6745.
1 0720 45 .00 .00 .00 2348 . 2 0820  195 .00 .00 .00 6634.
1 0730 46 .00 .00 .00 2454 . 2 0830  196 .00 .00 .00 6522.
1 0740 47 .00 .00 .00 2563 . 2 0840 197 .00 .00 .00 6414.
1 0750 48 .00 .00 .00 2673. 2 0850 198 .00 .00 .00 6310.
I 0800 49 .00 .00 .00 2784. 2 0900  199 .00 .00 .00 6210.
1 0810 50 .00 .00 .00 2896. 2 0910  200 .00 .00 .00 6111.
1 0820 51 .00 .00 .00 3008. 2 0920  201 .00 .00 .00 6014.
1 0830 52 .00 .00 .00 3120. 2 0930 202 .00 .00 .00 5918.
1 0840 53 .00 .00 .00 3234. 2 0940  203 .00 .00 .00 5823.
1 0850 54 .00 .00 .00 3359. 0950  204 .00 .00 .00 5730.
1 0900 55 .00 .00 .00 3491. 2 1000 205 .00 .00 .00 5637.
1 0910 56 .00 .00 .00 3627. 1010 206 .00 .00 .00 5544.
1 0920 57 .00 .00 .00 3766. 1020 207 .00 .00 .00 5451.
I 0930 58 .00 .00 .00 3908. 1030 208 .00 .00 .00 5358.
I 0940 59 .00 .00 .00 4053. 1040 209 .00 .00 .00 5271.
1 0950 60 .00 .00 .00 4200 . 1050 210 .00 .00 .00 5190.
1 1000 61 .00 .00 .00 4349 . 1100 211 .00 .00 .00 5113.
1 1010 62 .00 .00 .00 4498 . 1110 212 .00 .00 .00 5040.
I 1020 63 .00 .00 .00 4646. 2 1120 213 .00 .00 .00 4968.
I 1030 64 .00 .00 .00 4796. 1130 214 .00 .00 .00 4899.
1 1040 65 .00 .00 .00 4947 . 2 1140 215 .00 .00 .00 4831.
I 1050 66 .00 .00 .00 5106. 1150 216 .00 .00 .00 4766.
1 1100 67 .00 .00 .00 5270. 1200 217 .00 .00 .00 4700.
1 1110 68 .00 .00 .00 5437. 2 1210 218 .00 .00 .00 4635.
1 1120 69 .00 .00 .00 5607. 2 1220 219 .00 .00 .00 4570.
1 1130 70 .00 .00 .00 5778. 1230 220 .00 .00 .00 4505.
1 1140 71 .00 .00 .00 5952. 1240 221 .00 .00 .00 4442.
1 1150 72 .00 .00 .00 6128. 1250 222 .00 .00 .00 4381 .
1 1200 73 .00 .00 .00 6304. 1300 223 .00 .00 .00 4322.
1 1210 74 .00 .00 .00 6481. 1310 224 .00 .00 .00 4263.
1 1220 75 .00 .00 .00 6658. 1320 225 .00 .00 .00 4205.
1 1230 76 .00 .00 .00 6834. 1330 226 .00 .00 .00 4148.
1 1240 77 .00 .00 .00 7008. 1340 227 .00 .00 .00 4091.
1 1250 78 .00 .00 .00 7175. 1350 228 .00 .00 .00 4035.
1 1300 79 .00 .00 .00 7337. 1400 229 .00 .00 .00 3979.
1 1310 80 .00 .00 .00 7495. 1410 230 .00 .00 .00 3924.
1 1320 81 .00 .00 .00 7651. 1420 231 .00 .00 .00 3868.
1 1330 82 .00 .00 .00 7805. 1430 232 .00 .00 .00 3812.
1 1340 83 .00 .00 .00 7957. 1440 233 .00 .00 .00 3758.
1 1350 84 .00 .00 .00 8107. 1450 234 .00 .00 .00 3707.
1 1400 85 .00 .00 .00 8256. 1500 235 .00 .00 .00 3656.
1 1410 86 .00 .00 .00 8405. 1510 236 .00 .00 .00 3607.
I 1420 87 .00 .00 .00 8553. 1520 237 .00 .00 .00 3559.
1 1430 88 .00 .00 .00 8701 . 1530 238 .00 .00 .00 3511.
I 1440 89 .00 .00 .00 8846 . 1540 239 .00 .00 .00 3463.
I 1450 90 .00 .00 .00 8978 . 1550 240 .00 .00 .00 3417.
1 1500 91 .00 .00 .00 9101 . 1600 241 .00 .00 .00 3370.
I 1510 92 .00 .00 .00 9219 . 1610 242 .00 .00 .00 3324.
I 1520 93 .00 .00 .00 9333, 1620 243 .00 .00 .00 3277.
1 1530 94 .00 .00 .00 9443 . 1630 244 .00 .00 .00 3231.
1 1540 95 .00 .00 .00 9550. 1640 245 .00 .00 .00 3187.
1 1550 96 .00 .00 .00 9655. 1650 246 .00 .00 .00 3147.
1 1600 97 .00 .00 .00 9757 . 1700 247 .00 .00 .00 3108.
1 1610 98 .00 .00 .00 9860. 1710 248 .00 .00 .00 3070.
1 1620 99 .00 .00 .00 9962. 1720 249 .00 .00 .00 3033.
1 1630 100 .00 .00 .00 10063. 1730 250 .00 .00 .00 2998,
1 1640 10) .00 .00 .00 10160. 1740 251 .00 .00 .00 2963.
1 1650 102 .00 .00 .00 10246. 1750 252 ,00 .00 .00 2928.
1 1700 103 .00 .00 .00 10322. 1800 253 .00 .00 .00 2894.
1 1710 104 .00 .00 .00 10393. 1810 254 .00 .00 .00 2860.
I 1720 105 .00 .00 .00 10461. 1820 255 .00 .00 .00 2827.
1 1730 106 .00 .00 .00 10525. 1830 256 .00 .00 .00 2793.
1 1740 107 .00 .00 .00 10585. 1840 257 .00 .00 .00 2759.
1 1750 108 .00 .00 .00 10643. 1850 258 .00 .00 .00 2725.
1 1800 109 .00 .00 .00 10699. 1900 259 .00 .00 .00 2691.
1 1810 110 .00 .00 .00 10755. 1910 260 .00 .00 .00 2657.
I 1820 111 .00 .00 .00 10810. 1920 261 .00 .00 .00 2623.
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1830 112 .00 .00 .00 10865. 2 1930 262 .00 .00 .00 2589.
1840 113 .00 .00 .00 10915. 2 1940 263 .00 .00 .00 2555.
1850 114 .00 .00 .00 10954. 2 1950 264 .00 .00 .00 2521 .
1900 115 .00 .00 .00 10984. 2 2000 265 .00 .00 .00 2487.
1910 116 .00 .00 .00 11008. 2 2010 266 .00 .00 .00 2453 .
1920 117 .00 .00 .00 11029. 2 2020 267 .00 .00 .00 2419 .
1930 118 .00 .00 .00 11046. 2 2030 268 .00 .00 .00 2385 .
1940 119 .00 .00 .00 11060. 2 2040 269 .00 .00 .00 2353 .
1950 120 .00 .00 .00 11071. 2 2050 270 .00 .00 .00 2322 .
2000 121 .00 .00 .00 11080. 2 2100 271 .00 .00 .00 2291 .
2010 122 .00 .00 .00 11090. 2 2110 272 .00 .00 .00 2262 .
2020 123 .00 .00 .00 11099. 2 2120 273 .00 .00 .00 2233.
2030 124 .00 .00 .00 11108. 2 2130 274 .00 .00 .00 2204.
2040 125 .00 .00 .00 11115. 2 2140 275 .00 .00 .00 2175.
2050 126 .00 .00 .00 11117. 2 2150 276 .00 .00 .00 2147 .
2100 127 .00 .00 .00 11116. 2 2200 277 .00 .00 .00 2119 .
2110 128 .00 .00 .00 11113. 2 2210 278 .00 .00 .00 2092.
2120 129 .00 .00 .00 11108. 2 2220 279 .00 .00 .00 2064 .
2130 130 .00 .00 .00 11102. 2 2230 280 .00 .00 .00 2036.
2140 131 .00 .00 .00 11094. 2 2240 281 .00 .00 .00 2008.
2150 132 .00 .00 .00 11086. 2 2250 282 .00 .00 .00 1980.
2200 133 .00 .00 .00 11076. 2 2300 283 .00 .00 .00 1952.
2210 134 .00 .00 .00 11067. 2 2310 284 .00 .00 .00 1924.
2220 135 .00 .00 .00 11057. 2 2320 285 .00 .00 .00 1896.
2230 136 .00 .00 .00 11047. 2 2530 286 .00 .00 .00 1868.
2240 137 .00 .00 .00 11031. 2 2340 287 .00 .00 .00 1840.
2250 138 .00 .00 .00 11004. 2 2350 288 .00 .00 .00 1812.
2300 139 .00 .00 .00 10968. 3 0000 289 .00 .00 .00 1785.
2310 140 .00 .00 .00 10927. 3 0010 290 .00 .00 .00 1757.
2320 141 .00 .00 .00 10883. 3 0020 291 .00 .00 .00 1729.
2330 142 .00 .00 .00 10834. 3 0030 292 .00 .00 .00 1701.
2340 143 .00 .00 .00 10783. 3 0040 293 .00 .00 .00 1676.
2350 144 .00 .00 .00 10729. 3 0050 294 .00 .00 .00 1652.
0000 145 .00 .00 .00 10673. 3 0100 295 .00 .00 .00 1630.
0010 146 .00 .00 .00 10617. 3 0110 296 .00 .00 .00 1609.
0020 147 .00 .00 .00 10561. 3 0120 297 .00 .00 .00 1588.
0030 148 .00 .00 .00 10505. 3 0130 298 .00 .00 .00 1569.
0040 149 .00 .00 .00 10448. 3 0140 299 .00 .00 .00 1549.
0050 150 .00 .00 .00 10389. 3 0150 300 .00 .00 .00 1531.
T O T A L  R A IN FA L L  »  7 .64 , T O T A L  L O SS =  4 .26 . T O T A L  E X C E SS =  3 .38
PEAK. FL O W  T IM E  M A X IM U M  A V E R A G E  FL O W
6-H R  24 -H R  72 -H R  49.S3-H R
+ (C F S ) (MR)
(C FS)
+ 11117. 20.83 10995. 8952. 5583 . 5583.
(IN C H E S ) .796 2.591 3 .355 3 .355
(A C -F O  5452. 17757. 22991 . 22991.
C U M U L A T IV E  A R E A  =  128.50 S Q  M i
■ W .ARNIN G • U N IT  H Y D R O G R A P H  T R U N C A T E D  FR O M  598 T O  300  IN T E R V A L S
■ W A R N IN G * * *  V O LU M E  U N D E R  U N IT  G R A P H  = .95
O R D IN A T E S O F  U N IT  G R A P H  W E R E  IN C R E A S E D  T O  O B T A IN  1.0 IN C H E  O F  R U N O FF. 
T O  P R E V E N T  T H IS . IN C R E A S E  T H E  C O M P U T A T IO N  IN T E R V A L  ON T H E  "IT  " R E C O R D .
H Y D R O G R A P H  A T  ST A T IO N  
P L A N  1. R A T IO »  1.00
Aug-1
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D A  M O N H R M N  O R D  R A IN L O SS E X C E SS C O M P Q • D A  M O N  H R M N  0
1 0000 .00 .00 .00 0. •  2 0100  151 .00 .00 .00 10328.
1 0010 2 .27 .27 .00 0. •  2 0110  152 .00 .00 .00 10265.
1 0020 3 .31 .31 .00 0. •  2 0120  153 .00 .00 .00 10202.
1 0030 4 .37 .34 .03 0. • 2 0130  154 .00 .00 .00 10139.
1 0040 .53 .44 .09 1. 2 0140  155 .00 .00 .00 10075.
1 0050 6 2.45 1.52 .93 10. •  2 0150  156 .00 .00 .00 10010.
1 0100 1.28 .57 .71 25. •  2 0200  157 .00 .00 .00 9945.
1 0110 8 .65 .25 .40 43. • 2 02 1 0  158 .00 .00 .00 9879.
1 0120 9 .48 .17 .31 63. 2 02 2 0  159 .00 .00 .00 9814.
1 0130 10 .37 .12 .25 86. 2 0230  160 .00 .00 .00 9749.
1 0140 11 .37 .12 .25 110. •  2 0240  161 .00 .00 .00 9682.
1 0150 12 .28 .08 .20 136. •  2 0 2 5 0  162 .00 .00 .00 9613.
1 0200 13 .28 .08 .20 164. •  2 0300  163 .00 .00 .00 9543.
1 0210 14 .00 .00 .00 192. • 2 0310  164 .00 .00 .00 9471.
1 0220 15 .00 .00 .00 220. • 2 0320  165 .00 .00 .00 9399.
1 0230 16 .00 .00 .00 249. • 2 0330  166 .00 .00 .00 9326.
1 0240 17 .00 .00 .00 278. 2 0340  167 .00 .00 .00 9253.
1 0250 18 .00 .00 .00 318. •  2 0350  168 .00 .00 .00 9179.
1 0300 19 .00 .00 .00 366. • 2 0400  169 .00 .00 .00 9104.
1 0310 20 .00 .00 .00 417. •  2 0410  170 .00 .00 .00 9030.
1 0320 21 .00 .00 .00 473 . 2 0420  171 .00 .00 .00 8955.
1 0330 22 .00 .00 .00 531. •  2 0430  172 .00 .00 .00 8880.
1 0340 23 .00 .00 .00 592. 2 0440  173 .00 .00 .00 8803.
1 0350 24 .00 .00 .00 655. •  2 0450  174 .00 .00 .00 8721.
1 0400 25 .00 .00 .00 720. •  2 05 0 0  175 .00 .00 .00 8635.
1 0410 26 .00 .00 .00 785. • 2 0510  176 .00 .00 .00 8548.
1 0420 27 .00 .00 .00 850. 2 0520  177 .00 .00 .00 8459.
I 0430 28 .00 .00 .00 915. 2 0530  178 .00 .00 .00 8369.
1 0440 29 .00 .00 .00 982 . 2 0540  179 .00 .00 .00 8278.
I 0450 30 .00 .00 .00 1053. •  2 0 5 5 0  180 .00 .00 .00 8185.
1 0500 31 .00 .00 .00 1128. 2 0600  181 .00 .00 .00 8092.
1 0510 32 .00 .00 .00 1205. •  2 0 6 1 0  182 .00 .00 .00 7999.
1 0520 33 .00 .00 .00 1284. •  2 0620  183 .00 .00 .00 7906.
I 0530 34 .00 .00 .00 1364. •  2 0630  184 .00 .00 .00 7813.
1 0540 35 .00 .00 .00 1446. •  2 0640  185 .00 .00 .00 7716.
1 0550 36 .00 .00 .00 1529. •  2 0650  186 .00 .00 .00 7615.
! 0600 37 .00 .00 .00 1612. 2 0700  187 .00 .00 .00 7512.
I 0610 38 .00 .00 .00 1696. •  2 0710  188 .00 .00 .00 7406.
I 0620 39 .00 .00 .00 1780. 2 0720  189 .00 .00 .00 7298.
1 0630 40 .00 .00 .00 1864. 2 0730  190 .00 .00 .00 7190.
1 0640 41 .00 .00 .00 1950. 2 0740  191 .00 .00 .00 7079.
1 0650 42 .00 .00 .00 2043 . 2 0750  192 .00 .00 .00 6968.
I 0700 43 .00 .00 .00 2141 . •  2 0800  193 .00 .00 .00 6857.
I 0710 44 .00 .00 .00 2243 . •  2 0810  194 .00 .00 .00 6745.
I 0720 45 .00 .00 .00 2348 . •  2 08 2 0  195 .00 .00 .00 6634.
I 0730 46 .00 .00 .00 2454 . •  2 08 3 0  196 .00 .00 .00 6522.
1 0740 47 .00 .00 .00 2563 . •  2 0840  197 .00 .00 .00 6414.
1 0750 48 .00 .00 .00 2673 . 2 0850  198 .00 .00 .00 6310.
1 0800 49 .00 .00 .00 2784 . 2 0900  199 .00 .00 .00 6210.
I 0810 50 .00 .00 .00 2896 . •  2 0910  200 .00 .00 .00 6111.
I 0820 51 .00 .00 .00 3008. 2 0920  201 .00 .00 .00 6014.
I 0830 52 .00 .00 .00 3120. 2 0930  202 .00 .00 .00 5918.
1 0840 53 .00 .00 .00 3234 . •  2 0940  203 .00 .00 .00 5823.
1 0850 54 .00 .00 .00 3359. 2 0950  204 .00 .00 .00 5730.
1 0900 55 .00 .00 .00 3491 . •  2 1000 205 .00 .00 .00 5637.
1 0910 56 .00 .00 .00 3627. •  2 1010 206 .00 .00 .00 5544.
1 0920 57 .00 .00 .00 3766. 2 1020 207 .00 .00 .00 5451.
1 0930 58 .00 .00 .00 3908. 2 1030 208 .00 .00 .00 5358.
1 0940 59 .00 .00 .00 4053. 2 1040 209 .00 .00 .00 5271.
1 0950 60 .00 .00 .00 4200. 2 1050 210 .00 .00 .00 5190.
1 1000 61 .00 .00 .00 4349 . 2 1100 211 .00 .00 .00 5113.
I 1010 62 .00 .00 .00 4498 . 2 1110 212 .00 .00 .00 5040.
I 1020 63 .00 .00 .00 4646. 2 1120 213 .00 .00 .00 4968.
1 1030 64 .00 .00 .00 4796. 2 1130 214 .00 .00 .00 4899.
i 1040 65 .00 .00 .00 4947. 2 1140 215 .00 .00 .00 4831.
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] 1050 66  .00 .00 .00 5106. 2 1150 216 .00 .00 .00 4766.
1 1100 67 .00 .00 .00 5270. 2 1200 217 .00 .00 .00 4700.
! 1110 68 .00 .00 .00 5437. 2 1210 218 .00 ,00 .00 4635.
1 1120 69 .00 .00 .00 5607. 2 1220 219 .00 .00 .00 4570 .
1 1130 70 .00 .00 .00 5778. 2 1230 220 .00 .00 .00 4505,
1 1140 71 .00 .00 .00 5952. 2 1240 221 .00 .00 .00 4442 .
1 1150 72 .00 .00 .00 6128. 2 1250 222 .00 .00 .00 4381 .
1 1200 73 .00 .00 .00 6304. 2 1300 223 .00 .00 .00 4322 .
1 1210 74 .00 .00 .00 6481. 2 1310 224 .00 .00 .00 4263.
1 1220 75 .00 .00 .00 6658. 2 1320 225 .00 .00 .00 4205.
1 1230 76 .00 .00 .00 6834. 2 1330 226 .00 .00 .00 4148.
1 1240 77 .00 .00 .00 7008. 2 1340 227 .00 .00 .00 4091.
1 1250 78 .00 .00 .00 7175. 2 1350 228 .00 .00 .00 4035.
I 1300 79 .00 .00 .00 7337. 2 1400 229 .00 .00 .00 3979.
1 1310 80 .00 .00 .00 7495. 2 1410 230 .00 .00 .00 3924.
1 1320 81 .00 .00 .00 7651. 2 1420 231 .00 .00 .00 3868.
I 1330 82 ,00 .00 .00 7805. 2 1430 232 .00 .00 .00 3812.
1 1340 83 .00 .00 .00 7957. 2 1440 233 .00 .00 .00 3758.
1 1350 84 .00 .00 .00 8107. 2 1450 234 .00 .00 .00 3707.
1 1400 85 .00 .00 .00 8256. 2 1500 235 .00 .00 .00 3656.
1 1410 86 .00 .00 .00 8405. 2 1510 236 .00 .00 .00 3607.
1 1420 87 .00 .00 .00 8553. 2 1520 237 .00 .00 .00 3559.
1 1430 88 .00 .00 .00 8701. 2 1530 238 .00 .00 .00 3511.
1 1440 89 .00 .00 .00 8846. 2 1540 239 .00 .00 .00 3463,
1 1450 90 .00 .00 .00 8978. 2 1550 240 .00 .00 .00 3417.
1 1500 91 .00 .00 .00 9101. 2 1600 241 .00 .00 .00 3370.
I 1510 92 .00 .00 .00 9219. 2 1610 242 ,00 .00 .00 3324.
1 1520 93 .00 .00 .00 9333. 2 1620 243 .00 .00 .00 3277.
1 1530 94 .00 .00 .00 9443. 2 1630 244 .00 .00 .00 3231.
1 1540 95 .00 .00 .00 9550. 2 1640 245 .00 .00 .00 3187.
1 1550 96 .00 .00 .00 9655. 2 1650 246 .00 .00 .00 3147.
1 1600 97 .00 .00 .00 9757. 2 1700 247 .00 .00 .00 3108.
1 1610 98 .00 .00 .00 9860, 2 1710 248 .00 .00 .00 3070.
1 1620 99 .00 .00 .00 9962. 2 1720 249 .00 .00 .00 3033.
I 1630 100 ,00 .00 .00 10063. 2 1730 250 .00 .00 .00 2998.
1 1640 101 .00 .00 .00 10160. 2 1740 251 .00 .00 .00 2963.
I 1650 102 .00 .00 .00 10246. 2 1750 252 .00 .00 .00 2928,
1 1700 103 .00 .00 .00 10322. 2 1800 253 .00 .00 .00 2894.
1 1710 104 .00 .00 .00 10393. 2 1810 254 .00 .00 .00 2860,
1 1720 105 .00 .00 .00 10461. 2 1820 255 .00 .00 .00 2827.
1 1730 106 .00 .00 .00 10525. 2 1830 256 .00 .00 .00 2793.
1 1740 107 .00 .00 .00 10585. 2 1840 257 .00 .00 .00 2759.
1 1750 108 .00 .00 .00 10643. 2 1850 258 .00 .00 .00 2725.
1 1800 109 .00 .00 .00 10699. 2 1900 259 .00 .00 .00 2691.
1 1810 110 .00 .00 .00 10755. 2 1910 2 6 0 .00 .00 .00 2657.
1 1820 111 .00 .00 .00 10810. 2 1920 261 .00 .00 .00 2623,
1 1830 112 .00 .00 .00 10865. 2 1930 262 .00 .00 ,00 2589,
I 1840 113 .00 .00 .00 10915. 2 1940 263 .00 .00 .00 2555.
1 1850 114 .00 .00 .00 10954. 2 1950 264 .00 .00 .00 2521.
1 1900 115 .00 ,00 .00 10984. 2 2 0 0 0  265 .00 .00 .00 2487.
1 1910 116 .00 ,00 .00 11008. 2 2 0 1 0  266 .00 .00 .00 2453.
1 1920 117 .00 ,00 .00 11029. 2 2 020  267 .00 .00 ,00 2419,
1 1930 118 .00 .00 .00 11046, 2 2 030  268 .00 .00 .00 2385.
1 1940 119 .00 .00 .00 11060. 2 2040  269 .00 .00 .00 2353.
I 1950 120 .00 .00 .00 11071. 2 2 0 5 0  270 .00 .00 .00 2322.
I 2000 121 .00 .00 .00 11080. 2 2100  271 .00 .00 .00 2291.
1 2010 122 .00 .00 .00 11090. 2 2110  272 .00 .00 .00 2262,
1 2020 123 .00 .00 .00 11099. 2 2120  273 .00 .00 .00 2233,
1 2030 124 .00 .00 .00 11108. 2 2130  274 .00 .00 .00 2204.
1 2040 125 .00 .00 .00 11115. 2 2 1 4 0  275 .00 .00 .00 2175.
1 2050 126 .00 .00 .00 11117. 2 2 1 5 0  276 .00 .00 .00 2147.
I 2100 127 .00 .00 .00 11116. 2 2 2 0 0  277 .00 .00 .00 2119,
1 3110 128 .00 .00 .00 11113, 2 2210  278 .00 .00 .00 2092,
1 2120 129 .00 .00 .00 11108. 2 2220  279 .00 .00 .00 2064,
1 2130 130 .00 .00 .00 11102. 2 2230  280 .00 .00 .00 2036.
I 2140 131 .00 .00 .00 11094. 2 2 2 4 0  281 .00 .00 .00 2008.
I 2150 132 .00 .00 .00 11086, 2 2 250  282 .00 .00 .00 1980.
1 2200 133 .00 .00 .00 11076. 2 2 300  283 .00 .00 .00 1952,
1 2210 134 .00 .00 .00 11067. 2 2 310  284 .00 .00 .00 1924,
1 2220 135 .00 .00 .00 11057. 2 2 320  285 .00 .00 .00 1896.
1 2230 136 .00 .00 .00 11047. 2 2330  286 .00 .00 .00 1868.
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137 .00 .00 .00 11031. 2  2340 287 .00 .00 .00 1840.
1 2250 138 .00 .00 .00 11004. 2  2350 288 .00 .00 .00 1812.
1 2300 139 .00 .00 .00 10968. 3  0000 289 .00 .00 .00 1785.
1 2310 140 .00 .00 .00 10927. 3  0010 290 .00 .00 .00 1757.
1 2320 141 .00 .00 .00 10883. 3  0020 291 .00 .00 .00 1729.
1 2330 142 .00 .00 .00 10834. 3  0030 292 .00 .00 .00 1701.
1 2340 143 .00 .00 .00 10783. 3 0040 293 .00 .00 .00 1676.
1 2350 144 .00 .00 .00 10729. 3  0050 294 .00 .00 .00 1652.
2 OOOO 145 .00 .00 .00 10673. 3 0100 295 .00 .00 .00 1630.
2 0010 146 .00 .00 .00 10617. 3 0110 296 ,00 .00 .00 1609.
2 0020 147 .00 .00 .00 10561. 3 0120 297 .00 .00 .00 1588,
2 0030 148 .00 .00 .00 10505. 3 0130 298 .00 .00 .00 1569,
2 0040 149 .00 .00 .00 10448. 3 0140 299 .00 .00 .00 1549,
2 0050 150 .00 .00 .00 10389. 3 0150 300 .00 .00 .00 1531.
T O T A L  R A IN F A L L  =  7 .6 4 , T O T /U  L O SS = 4 .26 , T O T A L  E X C E SS =  3 .38
M A X IM U M  A V E R A G E  FL O W  
24-H R  72 -H R  4 9 .83 -H R
PE A K  FL O W  T IM E
6-H R  
-  (C F S ) (H R )
(C FS)
T 11117. 20 .83  10995 . 8952 . 5583. 5583.
(IN C H E S ) .796  2.591 3 .355 3 .355
(A C -F T ) 54 5 2 . 17757. 22991 . 22991 .
C U M U L A T IV E  A R E A  =  128.50 SQ  M I
PE A K  FL O W  A N D  S T A G E  (E N D -O F-PE R IO D ) S U M M A R Y  F O R  M U L T IP L E  PL A N -R y\T IO  E C O N O M IC  C O M PU T A T IO N S 
F L O W S  IN  C U B IC  FE E T  PE R  S E C O N D . A R E A  IN  S Q U A R E  M IL E S 
T IM E  T O  PE A K  IN H O U R S
R A T IO S A P P L IE D  T O  PR E C IP IT A T IO N  
O P E R A T IO N  S T A T IO N  A R E A  P L A N  R A T IO  1
1.00
H Y D R O G R /V PH  A T
+ A ug-1 128.50 1 FL O W  11117.
T IM E  20.83
■ N O R M A L  E N D  O F  H EC-1 '
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F L O O D  H Y D R O G R A PH  P A C K A G E  (H E C -1) 
F E B R U A R Y  1981 •
R E V ISE D  02  A U G  8 8  •
R U N  D A TE  09 /22 /1998  T IM E  17:18:09 •
•  U.S. A R M Y  C O R P S  O F  E N G IN E E R S  
•  T H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  •
•  60 9  S E C O N D  ST R E E T  *
D A V IS . C A L IFO R N IA  9 5 616  *
•  (9 1 6 )5 5 1 -1 7 4 8  •
X  X  X X X X X X X  X X X X X  X
X X X  X X  X X  
X X X X  X
X X X X X X X  X X X X  X  X X X X X  X  
x x x x  X
X X X  X X  X 
X X  X X X X X X X  X X X X X  X X X
T H IS  PR O G R A M  R E PL A C E S A L L  P R E V IO U S  V E R S IO N S  O F  H E C-1 K N O W N  AS H E C I (JA N  73). H E C IG S , H E C ID B . A N D  
H E C IK W .
T H E  D E FIN IT IO N S O F  V A R IA B L E S -R T IM P - A N D  -R T IO R - H A V E  C H A N G E D  FR O M  T H O S E  U S E D  W IT H  T H E  1973-ST Y L E  
IN P U T  S T R U C T U R E .
TH E  D E F IN IT IO N  O F  -A M SK K - O N  R M -C A R D  W A S C H A N G E D  W IT H  R E V ISIO N S D A T E D  28 S E P  8 1. T H IS  IS T H E  F O R T R A N ??  
V E R S IO N
N E W  O P T IO N S: D A M B R E A K  O U T F L O W  S U B M E R G E N C E  , S IN G L E  E V E N T  D A M A G E  C A L C U L A T IO N . D SS:W R 1T E  ST A G E  
FR E Q U E N C Y ,
D S S:R E A D  T IM E  SE R IE S A T  D E S IR E D  C A L C U L A T IO N  IN T E R V A L  L O SS R A T E :G R E E N  A N D  .AM PT IN F IL T R A T IO N  
K IN E M A T IC  W A V E: N E W  F IN IT E  D IF F E R E N C E  A L G O R IT H M




















ID  % %  N IL W A L A  G A N G A  B A S IN  %%
ID  %%  M aw arclla  E sta te  R ainfall G aug ing  S ta tion  
ID  % %  For l a »  .055 % %
ID  % %  W A T E R S H E D  A N A L Y S IS  % %
ID  % %  T ype I, 24-ho iir d istribu tion  %%
ID  %% 5 -ycar re tu rn  pe riod  %%
ID  % %  % %
ID  %% %%
ID  % %  % %
ID
•D IA G R A M  
IT  5 0  (
10 2 0
IN  5 0
JR  PR E C  1.00
300
18 K K  Maw-1
19 K M  Basin n m o ff  using  M aw arella
20 K M  B A SIN  Maw-1
21 K M  A rca=  128.50 M ilcs"2
22 K M  C N =  54.8
23 K M  T c » 33 .17 hours
24 K M
25 B A  128.5
26 PB  7.92
27 PC  0.000  0 .018  0 .035  0 .056  0 .0 7 6  0 .101 0 .1 2 5  0 .156  0 .194 0 .254
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28 PC 0.515 0.624 0.682 0 .727 0.767  0 .7 9 9  0 .830  0 .854 0 .878  0.902
29 PC 0.926 0.945 0 .963 0 .982 1.000




S C H E M A T IC  D IA G R A M  O F  S T R E A M  N E T W O R K
IN P U T
L IN E  (V ) R O U T IN G  (— > ) D IV E R S IO N  O R  P U M P  F L O W
N O . (.) C O N N E C T O R  (< — ) R E T U R N  O F  D IV E R T E D  O R  P U M P E D  FLO W
18 M aw-1
( • • • )  R U N O F F  A L S O  C O M PU T E D  A T  T H IS  L O C A T IO N      .
•  FL O O D  H Y D R O G R A P H  PA C K A G E  (H E C -1 ) •  * U .S. A R M Y  C O R P S O F  E N G IN EE R S
• F E B R U A R Y  1981 •  •  T H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  •
•  R E V IS E D  02 A U G  88 •  •  609  SE C O N D  ST R E ET  *
• * •  D A V IS . C A L IF O R N IA  9 5616  •
•  R U N  D A T E  09 /22 /1998  T IM E  1 7 :18 :09*  •  (916) 551-1748 •
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%% N IL W A L A  G A N G A  B A S IN  % %
%®/o M aw arclla  E state  R ainfall G aug ing  S ta tion  
% %  For la  =  .055  % %
% %  W A T E R S H E D  AN /V LY SIS % %
®/o% T ype I. 24-hou r d istribu tion  %%





15 1 0  O U T P U T  C O N T R O L  V A R IA B L E S
IPR N T  2 PR IN T  C O N T R O L
IP L O T  0  P L O T  C O N T R O L
Q S C A L  0 . H Y D R O G R A P H  P L O T  SC A L E
IT  H Y D R O G R A P H  TLME D A TA
N M IN  5 M IN U T E S IN  C O M P U T A T IO N  IN T E R V A L  
ID A T E  1 0 ST A R T IN G  D A T E  
IT IM E  0000  ST A R T IN G  T IM E
N Q  300 N U M B E R  O F  H Y D R O G R A P H  O R D IN A T E S
N D D A T E  2 0  E N D IN G  D A T E
N D T IM E  0055 E N D IN G  T IM E
IC E N T  19 C E N T U R Y  M A R K
C O M P U T A T IO N  IN T E R V A L  .08 H O U R S ,
T O T A L  T IM E  B A SE  24 .92  H O U R S
E N G L IS H  U N ITS
D R A IN A G E  A R E A  S Q U A R E  M IL E S 
PR E C IP IT A T IO N  D E PT H  IN C H E S 
L E N G T H , E L E V A T IO N  FE E T  
FL O W  C U B IC  F E E T  PE R  S E C O N D
ST O R A G E  V O L U M E  A C R E -F E E T  
SU R FA C E  A R E A  A C R E S 
T E M P E R A T U R E  D E G R E E S F A H R E N H E IT
JP  M U L T I-P L A N  O P T IO N
N P L A N  I N U M B E R  O F  PL A N S
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JR  M U L T I-R A T IO  O PTIO N
R A T IO S  O F  PR E C IPIT A T IO N
1.00
18 K K  •  M aw -1
B asin  ru n o ff  using  M aw arclla  
B A S IN  Maw-1 
A rca= 128.50 M ilcs ''2  
C N »  54.8 
Tc =  33 .17  hours
16 IN  T IM E  D A T A  FO R  IN P U T  T IM E  SERIES
JX M IN  5 T IM E  IN T E R V A L  IN M IN U T ES
JX D A T E  I 0  ST A R T IN G  D A TE  
JX T IM E  0 ST A R T IN G  T IM E
S U B B A S IN  R U N O F F  D A T A
25 B A  S U B B A S IN  C H A R A C T E R IS T IC S
T A R E A  128.50 SU B B A S IN  A REA
P R E C IP IT A T IO N  D A TA
26  PB  ST O R M  7.92 B A SIN  T O T A L  PR E C IPIT A T IO N
27 PI IN C R E M E N T A L  P R E C IPIT A T IO N  PA TT E R N
.02 .02 .02 .02 .03 .02 .03 .04 .06 .26
.11 .06 .05 .04 .03 .03 .02 .02 .02 .02
.02 .02 .02 .02
30 LS ses L O SS R A T E
S T R T L  .41 IN IT IA L  A B S T R A C T IO N  
C R V N B R  54 .80 C U R V E  N U M B E R
R T IM P  .00 PE R C E N T  IM P E R V IO U S A R E A
31 U D  s e s  D IM E N SIO N L E SS U N IT G R A PH  
T L A G  19.86 L A G
• • •  W A R N IN G  * U N IT  H Y D R O G R A PH  IR U N C A IE D  F R O M ! 194 T O  300 IN T E R V A L S
• • •  W A R N IN G * * *  V O L U M E  U N D E R  U N IT  G R A P H  = .56
O R D IN A T E S  O F  U N IT  G R A P H  W ER E  IN C R E A S E D  T O  O B T A IN  1.0 IN C H E  O F  RU N O FF. 
T O  PR E V E N T  H U S . IN C R E A S E  T H E  C O M P U T A T IO N  IN T E R V A L  ON T H E  "IT " R E C O R D .
U N IT  H Y D R O G R A PH  
300 E N D -O F-PE R IO D  O R D IN A T E S 
V O L U M E »  1.00
7. 14. 21 28. 35. 42. 4 9 . 56. 63 . 70.
77. 84. 91. 98. 105. 112. 119. 126. 133. 140.
147. 154. 161. 169. 185. 202. 218. 234. 251 267.
283. 299. 316. 332. 348. 365. 381. 397 . 414 430.
446 . 463. 479. 495 . 512. 528. 544. 562. 583. 604.
625 . 646, 667 687. 708. 729. 750. 771. 792. 813
834. 855. 876. 897. 918. 939. 960. 981. 1002 1023.
1044. 1068. 1096. 1124. 1152. 1179. 1207 . 1235. 1263. 1291.
1319. 1347. 1375. 1403. 1431. 1459. 1487 . 1515. 1543. 1571,
1599. 1627. 1655, 1683. 1711. 1743. 1781 . IS IS . 1855. 1892.
1930. 1967. 2004. 2042. 2079. 21 16. 2154 . 2191. 2228. 2265.
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2340 . 2377. 2415. 2452. 2489. 2527. 2564. 2601. 2643 .
2687 . 2731. 2775 . 2820. 2864. 2908. 2953. 2997. 3041. 3085.
3130 . 3174. 3218. 3263. 3307. 3351 . 3395. 3440 . 3484. 3528.
3573 . 3617. 3661 . 3700. 3738. 3775. 3812. 3850. 3887. 3924 .
3962 . 3999. 4036 . 4073. 4111. 4148 . 4185. 4223 . 4260 . 4297 .
4334 . 4372. 4409 . 4446, 4484. 4521. 4558 . 4586 . 4612 . 4637 .
4663 . 4688. 4714 . 4740. 4765. 4791. 4817 . 4842 . 4868. 4894 .
4919 . 4945. 4971 . 4996 . 5022. 5047. 5073. 5099. 5124. 5150.
5176 . 5190. 5204. 5218. 5232. 5246. 5260. 5274 . 5288. 5302.
5316 . 5330. 5344. 5358. 5372. 5386. 5400. 5414 . 5428. 5442.
5456 . 5470. 5484. 5498, 5511. 5514. 5516. 5518. 5521. 5523,
5525 . 5528. 5530. 5532. 5535. 5537. 5539. 5542. 5544. 5546.
5549 . 5551. 5553. 5556. 5558. 5560. 5563. 5565. 5566. 5564.
5562 . 5559. 5557. 5555. 5552. 5550. 5548. 5545 . 5543. 5541.
5538 . 5536. 5534. 5531. 5529. 5527. 5524. 5522 . 5520. 5517.
5515 . 5513. 5507. 5493. 5479. 5465. 5451. 5437. 5423. 5409,
5395 . 5381. 5367. 5353. 5339. 5325. 5311. 5297 . 5283. 5269.
5255 . 5241. 5227. 5213. 5199. 5185. 5170. 5154, 5138. 5121.
5105. 5089. 5072 . 5056. 5040. 5023. 5007. 4991 . 4975. 4958 .
H Y D R O G R A P II A T  ST A T IO N  M a w -1
D A  M O N  H R M N  O R D  RAFN L O SS E X C E SS C O M P Q D A  M O N  H R M N  O R D  RAFN L O SS E X C E SS C O M P  Q
1 0000 .00 .00 .00 0. 1230 151 .00 .00 .00 12189.
1 0005 2 .14 .14 .00 0. 1235 152 .00 .00 .00 12346.
1 0010 3 .13 .13 .00 0. 1240 153 .00 .00 .00 12503.
I 0015 4 .17 .17 .00 0. 1245 154 .00 .00 .00 12656.
1 0020 .16 .15 .00 0. 1250 155 .00 .00 .00 12804.
1 0025 6 .20 .18 .01 0. 1255 156 .00 .00 .00 12950.
1 0030 7 .19 .17 .02 0. 1300 157 .00 .00 .00 13094.
1 0035 8 .25 .21 .04 1. 1305 158 .00 .00 .00 13237.
1 0040 9 .30 .24 .06 2. 1310 159 .00 .00 .00 13378.
1 0045 10 .48 .35 .13 4 . 1315 160 .00 .00 .00 13519.
1 0050 11 2.07 1.20 .87 12. • 1320 161 .00 .00 .00 13658.
1 0055 12 .86 .39 .48 23. 1325 162 .00 .00 .00 13797.
1 0100 13 .46 .18 .27 36. 1330 163 .00 .00 .00 13934.
1 0105 14 .36 ,13 .22 51. 1335 164 .00 .00 .00 14071.
1 0110 15 .32 ,11 .20 67. 1340 165 .00 .00 .00 14207.
1 0115 16 .25 .09 .17 84. 1345 166 .00 .00 .00 14342.
1 0120 17 .25 .08 .16 103. 1350 167 .00 .00 .00 14477.
1 0125 18 ,19 .06 .13 122. 1355 168 .00 .00 .00 14610.
1 0130 19 .19 .06 .13 142. 1400 169 .00 .00 ,00 14744.
1 0135 20 .19 ,06 .13 163. 1405 170 .00 .00 ,00 14877.
1 0140 21 .19 ,06 .13 185. 1410 171 .00 .00 ,00 15011.
1 0145 22 .15 .04 .11 208 . 1415 172 .00 .00 .00 15144.
1 0150 23 .14 .04 .10 232. 1420 173 ,00 .00 .00 15277.
I 0155 24 .15 ,04 .11 256, 1425 174 .00 .00 .00 15411.
1 0200 25 .14 ,04 .10 281 . 1430 175 ,00 .00 .00 15543.
I 0205 26 .00 00 .00 306. 1435 176 .00 .00 .00 15675.
1 0210 27 .00 ,00 .00 331. 1440 177 .00 .00 .00 15806.
1 0215 28 .00 .00 .00 356 . 1445 178 .00 .00 .00 15928.
1 0220 29 .00 .00 .00 381. 1450 179 .00 .00 .00 16044.
1 0225 30 .00 .00 .00 407 . 1455 180 .00 .00 .00 16156.
1 0230 31 ,00 .00 .00 432. 1500 181 ,00 .00 .00 16265.
I 0235 32 .00 .00 .00 458 . 1505 182 .00 .00 .00 16372.
1 0240 33 .00 .00 .00 484 . 1510 183 .00 .00 .00 16477.
1 0245 34 .00 .00 .00 513. 1515 184 .00 .00 .00 16580.
1 0250 35 ,00 .00 .00 549. 1520 185 .00 .00 .00 16682.
1 0255 36 00 .00 .00 589, 1525 186 .00 .00 .00 16782.
1 0300 37 ,00 .00 .00 632 . 1530 187 .00 .00 .00 16880.
I 0305 38 .00 .00 .00 677 . 1535 188 .00 .00 .00 16977.
1 0310 39 .00 .00 .00 723. 1540 189 .00 .00 .00 17073.
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0315 40 .00 .00 .00 772. • 1 1545 190 .00 .00 .00 17167.
0320 41 .00 .00 .00 821. • 1 1550  191 .00 .00 .00 17261.
0325 42 .00 .00 .00 872. • 1 1555 192 .00 .00 .00 17353.
0330 43 .00 .00 .00 924 . • 1 1600  193 .00 .00 .00 17444.
0335 44 .00 .00 .00 978 . • 1 1605 194 .00 .00 .00 17536.
0340 45 .00 .00 .00 1032. • I 1610  195 .00 .00 .00 17628.
0345 46 .00 .00 .00 1088. • 1 1615 196 .00 .00 .00 17720.
0350 47 .00 .00 .00 1145. • I 1620  197 .00 .00 .00 17811.
0355 48 .00 .00 .00 1202. • 1 1625 198 .00 .00 .00 17902.
0400 49 .00 .00 .00 1261. * 1 1630 199 .00 .00 .00 17993.
0405 50 .00 .00 .00 1319. • 1 1635 200 .00 .00 .00 18084.
0410 51 .00 .00 .00 1377. • 1 1640 201 .00 .00 .00 18172.
0415 52 .00 .00 .00 1436. • 1 1645 202 .00 .00 .00 18252.
0420 53 .00 .00 .00 1494. • 1 1650 203 .00 .00 .00 18325.
0425 54 .00 .00 .00 1553. • 1 1655 204 .00 .00 .00 18395.
0430 55 .00 .00 .00 1611. • 1 1700  205 .00 .00 .00 18462.
0435 56 .00 .00 .00 1670. • 1 1705 206 .00 .00 .00 18527.
0440 57 .00 .00 .00 1729. • 1 1710  207 .00 .00 .00 18590.
0445 58 .00 .00 .00 1790. • 1 1715 208 .00 .00 .00 18652.
0450 59 .00 .00 .00 1854. • 1 1720  209 .00 .00 .00 18711.
0455 60 .00 .00 .00 1920. • 1 1725 210 .00 .00 .00 18769.
0500 61 .00 .00 .00 1988. • 1 1730  211 .00 .00 .00 18826.
0505 62 .00 .00 .00 2056. • 1 1735 212 .00 .00 .00 18881.
0510 63 .00 .00 .00 2125. • 1 1740  213 .00 .00 .00 18935.
0515 64 .00 .00 .00 2196. • 1 1745 214 .00 .00 .00 18987.
0520 65 .00 .00 .00 2266. • 1 1750  215 .00 .00 .00 19039.
0525 66 .00 .00 .00 2338. • 1 1755 216 .00 .00 .00 19089.
0530 67 .00 .00 .00 2410. • 1 1800 217 .00 .00 .00 19139.
0535 68 .00 .00 .00 2483. • 1 1805  218 .00 .00 .00 19189.
0540 69 .00 .00 .00 2556. • 1 1810  219 .00 .00 .00 19239.
0545 70 .00 .00 .00 2630 . • 1 1815 220 .00 .00 .00 19289.
0550 71 .00 .00 .00 2704. • 1 1820 221 .00 .00 .00 19339.
0555 72 .00 .00 .00 2778. • 1 1825 222 .00 .00 .00 19388.
0600 73 .00 .00 .00 2854. • 1 1830 223 .00 .00 .00 19438.
0605 74 .00 .00 .00 2929. • 1 1835 224 .00 .00 .00 19486.
0610 75 .00 .00 .00 3004. • 1 1840  225 .00 .00 .00 19532.
0615 76 .00 .00 .00 3079. • 1 1845 226 .00 ,00 .00 19569.
0620 77 .00 .00 .00 3154 . • I 1850  227 .00 .00 .00 19600.
0625 78 .00 .00 .00 3229 . • 1 1855 228 .00 .00 .00 19628.
0630 79 .00 .00 .00 3305. * 1 1900 229 .00 .00 .00 19653.
0635 80 .00 .00 .00 3380. • 1 1905 230 .00 .00 .00 19676.
06*10 81 .00 .00 .00 3457. • 1 1910  231 .00 .00 .00 19698.
0645 82 .00 .00 .00 3536. • 1 1915 232 ,00 .00 .00 19717.
0650 83 .00 .00 .00 3620. • 1 1920  233 .00 .00 .00 19735.
0655 84 .00 .00 .00 3707. • 1 1925 234 .00 .00 .00 19751.
0700 85 .00 .00 .00 3796. • 1 1930  235 .00 ,00 .00 19765.
0705 86 .00 .00 .00 3886. • 1 1935 236 .00 .00 .00 19779.
0710 87 .00 .00 .00 3978. * 1 1940  237 .00 .00 .00 19791.
0715 88 .00 .00 .00 4070 . • 1 1945 238 .00 .00 .00 19801.
0720 89 .00 .00 .00 4164 . • I 1950 239 .00 .00 .00 I9 8 1 I .
0725 90 .00 .00 .00 4259. • 1 1955  240 .00 .00 .00 19819.
0730 91 .00 .00 ,00 4355 . • 1 2 0 0 0  241 .00 .00 .00 19827.
0735 92 .00 .00 .00 4451. • 1 2005  242 .00 ,00 .00 19836.
0740 93 ,00 .00 .00 4549. • 1 2 0 1 0  243 .00 .00 .00 19844.
0745 9*1 ,00 .00 .00 4647. • 1 2015  244 ,00 .00 .00 19852.
0750 95 .00 .00 .00 4746. • 1 2 0 2 0  245 .00 ,00 .00 19861.
0755 96 .00 .00 .00 4845. • 1 2025  246 .00 ,00 .00 19869.
0800 97 .00 .00 .00 4946. • 1 2 0 3 0  2*17 .00 .00 .00 19877.
0805 98 ,00 .00 .00 5046. * 1 2 0 3 5  248 .00 ,00 .00 19884.
0810 99 .00 .00 .00 5146. • 1 2 0 4 0  249 ,00 .00 .00 19891.
0815 100 .00 .00 .00 5246. • 1 2 0 4 5  250 .00 .00 .00 19893.
0820 101 .00 .00 .00 5346. • 1 2 0 5 0  251 .00 .00 .00 19894.
0825 102 .00 .00 .00 5446. * 1 2055  252 .00 .00 .00 19893.
0830 103 ,00 .00 .00 5547. • I 2 1 0 0  253 .00 .00 .00 19892.
0835 104 .00 .00 .00 5648. • 1 2105  254 .00 .00 .00 19889.
0840 105 .00 .00 .00 5750. • 1 2 1 1 0  255 ,00 .00 .00 19886.
0845 106 .00 .00 .00 5856. • 1 2 1 1 5  256 .00 .00 .00 19882.
0850 107 .00 .00 .00 5969. • 1 2 1 2 0  257 ,00 .00 .00 19877.
0855 108 .00 .00 .00 6086. • 1 2 1 2 5  258 .00 .00 .00 19872.
0900 109 .00 .00 .00 6204. • 1 2 1 3 0  259 ,00 .00 .00 19866.
0905 n o ,00 .00 ,00 6325. • 1 2 1 3 5  260 .00 .00 .00 19860.
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Gauging
1 09 1 0
Station
I I I  .00 .00 .00 6447. • 1 2140  261 .00 .00 .00 19853.
1 0915 112 .00 .00 .00 6571. • 1 2145 262 .00 .00 .00 19845.
1 0920 113 .00 .00 .00 6696. • 1 2150 263 .00 .00 .00 19837.
1 0925 114 .00 .00 .00 6823. * 1 2155 264 .00 .00 .00 19829.
1 0930 115 .00 .00 .00 6950 . • 1 2200  265 .00 .00 .00 19820.
1 0935 116 .00 .00 .00 7079. • 1 2205 266 .00 .00 .00 19812.
1 0940 117 .00 .00 .00 7209. • 1 2210  267 .00 .00 .00 19804.
1 0945 118 .00 .00 .00 7340 . • 1 2215 268 .00 .00 .00 19795.
I 0950 119 .00 .00 .00 7472. • 1 2220  269 .00 .00 .00 19787.
I 0955 120 .00 .00 .00 7605. • 1 2225  270 .00 .00 .00 19778.
1 1000 121 .00 .00 .00 7739. • 1 2230  271 .00 .00 .00 19768.
! 1005 122 .00 .00 .00 7872. • 1 2235 272 .00 .00 .00 19758.
1 1010 123 .00 .00 .00 8006. • 1 2240  273 .00 .00 .00 19744.
1 1015 124 .00 .00 .00 8139. • 1 2245 274 .00 .00 .00 19720.
1 1020 125 .00 .00 .00 8273. • I 2250  275 .00 .00 .00 19692.
1 1025 126 .00 .00 .00 8407. • I 2255 276 .00 .00 .00 19661.
I 1030 127 .00 .00 .00 8540. • 1 2300  277 .00 .00 .00 19628,
1 1035 128 .00 .00 .00 8675 . • 1 2305 278 .00 .00 .00 19592.
I 1040 129 .00 .00 .00 8810. • 1 2310 279 .00 .00 .00 19554.
1 1045 130 .00 .00 .00 8949. * 1 2315 280 .00 .00 .00 19515.
1 1050 131 .00 .00 .00 9092 . • 1 2320  281 .00 .00 .00 19474.
1 1055 132 .00 .00 .00 9238. • 1 2325 282 .00 .00 .00 19431.
I 1100 133 .00 .00 .00 9385 . • I 2330  283 .00 .00 .00 19387.
1 1105 134 .00 .00 .00 9 534 . • 1 2335 284 .00 .00 .00 19342.
I 1110 135 .00 .00 .00 9685. • 1 2340  285 .00 .00 .00 19295.
1 1115 136 .00 .00 .00 9836. • 1 2345 286 .00 .00 .00 19247.
1 1120 137 .00 .00 .00 9989. • 1 2350 287 .00 .00 .00 19198.
1 1125 138 .00 .00 .00 10142. • 1 2355 288 .00 .00 .00 19148.
I 1130 139 .00 .00 .00 10296. • 2 0000  289 .00 .00 .00 19098.
1 1135 140 .00 .00 .00 10451. • 2 0005 290 .00 .00 .00 19047.
1 1140 141 .00 .00 .00 10607. • 2 0010  291 .00 .00 .00 18997.
I 1145 142 .00 .00 .00 10764. • 2 0015 292 .00 .00 .00 18947.
1 1150 143 .00 .00 .00 10922. • 2  0020  293 .00 .00 .00 18897.
1 1155 144 .00 .00 .00 11080. • 2 0025 294 .00 .00 .00 18847.
1 1200 145 .00 .00 .00 11238. * 2 0030  295 .00 .00 .00 18797.
1 1205 146 .00 .00 .00 11397. • 2 0035 296 .00 .00 .00 18746.
1 1210 147 .00 .00 .00 11555. • 2 0040  297 .00 .00 .00 18695.
1 1215 148 .00 .00 .00 11714. • 2  0045 298 .00 .00 .00 18642.
1 1220 149 .00 .00 .00 11872. * 2 0050  299 .00 .00 .00 18588.
1 1225 150 .00 .00 .00 12031. * 2 0055 300 .00 .00 .00 18533.
T O T A L  R A IN FA L L  = 7 .92 , T O T A L  LO SS =  4 .3 4 , T O T A L  E X C E SS = 3 .58
P E A K  F L O W  T IM E  M A X IM U M  A V E R A G E  FLO W
6-H R  24-H R  72-H R  24 ,92-H R
+ (C F S ) (H R )
(CFS)
-  19894. 20 .83 19675. 11466. 11045. 11045.
(IN C H E S ) 1.424 3.319 3 .319 3.319
(A C -I'T ) 9756. 22743. 22743. 22743.
C U M U L A T IV E /\R E A  = 128.50 SO  M I
‘ W A R N IN G  U N IT  H Y D R O G R A PH  T R U N C A T E D  FR O M  1 194 T O  300  IN T E R V A L S
“ W A R N I N G * "  V O L U M E  U N D E R  U N IT  G R A P H  “  .56
O R D IN A T E S O F U N IT  G R A PH  W E R E  IN C R E A S ED  TO  O B T A IN  I.O IN C H E  O F R U N O FF. 
T O  P R E V E N T  T H IS, IN C R E A S E  T H E  C O M PU T A T IO N  IN T E R V A L  O N  T H E  "IT" R E C O R D .
H Y D R O G R A PH  A T  S T A T IO N  Mnw-1 
PL A N  I. R A T IO »  1.00
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D A  M O N  H R M N  O R D  R A IN  L O SS E X C E SS C O M P  Q D A  M O N  H R M N  O R D  R A IN  L O SS E X C E SS C O M P Q
0000 .00 .00 .00 0. • 1 1230 151 .00 .00 .00 12189.
0005 2 .14 .14 .00 0. • 1 1235 152 .00 .00 .00 12346.
0010 3 .13 .13 .00 0. • 1 1240 153 .00 .00 .00 12503.
0015 4 .17 .17 .00 0. • 1 1245 154 .00 .00 .00 12656.
0020 .16 .15 .00 0. • 1 1250 155 .00 .00 .00 12804.
0025 6 .20 .18 .01 0. • 1 1255 156 .00 .00 .00 12950.
0030 7 .19 .17 .02 0. • I 1300 157 .00 .00 .00 13094.
0035 .25 .21 .04 1. • 1 1305 158 .00 .00 .00 13237.
0040 9 .30 .24 .06 2. • 1 1310 159 .00 .00 .00 13378.
0045 10 .48 .35 .13 4. • 1 1315 160 .00 .00 .00 13519.
0050 11 2.07 1.20 .87 12. • 1 1320 161 .00 .00 .00 13658.
0055 12 .86 .39 .48 23. * ! 1325 162 .00 .00 .00 13797.
0100 13 .46 .18 .27 36. • 1 1330 163 .00 .00 .00 13934.
0105 14 .36 .13 .22 51. • 1 1335 164 .00 .00 .00 14071.
0110 15 .32 .11 .20 67 . • 1 1340 165 .00 .00 .00 14207.
0115 16 .25 .09 .17 84. • I 1345 166 .00 .00 .00 14342.
0120 17 .25 .08 .16 103. • 1 1350 167 .00 .00 .00 14477.
0125 18 .19 .06 .13 122. • 1 1355 168 .00 .00 .00 14610.
0130 19 .19 .06 .13 142. • 1 1400 169 .00 .00 .00 14744.
0135 20 .19 .06 .13 163. • 1 1405 170 .00 .00 .00 14877.
0140 21 .19 .06 .13 185. • I 1410 171 .00 .00 .00 15011.
0145 22 .15 .04 .11 208. • 1 1415 172 .00 .00 .00 15144.
0150 23 .14 ,01 .10 232. 1 1420 173 .00 .00 .00 15277.
0155 24 .15 .04 .11 256 . • 1 1425 174 .00 .00 .00 15411.
0200 25 .14 .04 .10 281 . * 1 1430 175 .00 .00 .00 15543.
0205 26 .00 .00 ,00 306 . • 1 1435 176 .00 .00 .00 15675.
0210 27 .00 .00 .00 331 . • 1 1440 177 .00 .00 .00 15806.
0215 28 .00 .00 .00 356. • 1 1445 178 .00 .00 .00 15928.
0220 29 .00 .00 .00 381. * 1 1450 179 .00 .00 .00 16044.
0225 30 .00 .00 .00 407. • 1 1455 180 ,00 .00 .00 16156.
0230 31 .00 ,00 .00 432 . • I 1500 181 .00 .00 .00 16265.
0235 32 .00 .00 .00 458 . • 1 1505 182 .00 .00 .00 16372.
0240 33 .00 .00 .00 484 . • I 1510 183 .00 .00 .00 16477.
0245 34 .00 .00 .00 513. " 1 1515 184 .00 .00 .00 16580.
0250 35 .00 .00 .00 549. • 1 1520 185 .00 .00 .00 16682.
0255 36 .00 .00 .00 589. • 1 1525 186 .00 .00 .00 16782.
0300 37 .00 .00 .00 632. • I 1530 187 .00 .00 .00 16880.
0305 38 .00 .00 .00 677. • 1 1535 188 .00 .00 .00 16977.
0310 39 .00 .00 .00 723. • 1 1540 189 .00 .00 .00 17073.
0315 40 .00 .00 .00 772 . • 1 1545 190 .00 .00 .00 17167.
0320 41 .00 .00 .00 821. • 1 1550 191 .00 .00 .00 17261.
0325 42 .00 .00 .00 872. • 1 1555 192 ,00 .00 .00 17353.
0330 43 .00 .00 .00 924. • I 1600 193 .00 .00 .00 17444.
0335 44 .00 .00 .00 978. • 1 1605 194 .00 .00 .00 17536.
0340 45 .00 ,00 .00 1032. • 1 1610 195 .00 .00 .00 17628.
0345 46 .00 .00 .00 1088. • 1 1615 196 .00 .00 .00 17720.
0350 47 .00 .00 .00 1145. • 1 1620 197 .00 .00 .00 17811.
0355 48 .00 .00 .00 1202. • I 1625 198 .00 .00 .00 17902.
0400 49 .00 .00 .00 1261. • I 1630 199 .00 .00 .00 17993.
0405 50 .00 .00 .00 1319. • 1 1635 200 .00 .00 .00 18084.
0410 51 .00 .00 .00 1377. • 1 1640 201 .00 .00 .00 18172.
0415 52 ,00 .00 .00 1436. • 1 1645 202 .00 .00 .00 18252.
0420 53 .00 .00 .00 1494. • 1 1650 203 ,00 .00 .00 18325.
0425 54 .00 .00 .00 1553. • I 1655 204 .00 .00 .00 18395.
0430 55 .00 .00 .00 1611. • 1 1700 205 .00 .00 .00 18462.
0435 56 .00 .00 .00 1670. • 1 1705 206 .00 .00 .00 18527.
0440 57 .00 .00 .00 1729. • 1 1710 207 .00 .00 .00 18590.
0445 58 .00 .00 .00 1790. • 1 1715 208 ,00 ,00 .00 18652.
0450 59 .00 .00 .00 1854. • 1 1720 209 .00 .00 .00 18711.
0455 60 .00 .00 .00 1920. • 1 1725 210 .00 .00 .00 18769.
0500 61 .00 .00 .00 1988. • I 1730 211 .00 .00 .00 18826.
0505 62 .00 .00 .00 2056 . • 1 1735 212 .00 .00 .00 18881.
0510 63 .00 .00 .00 2125 . • 1 1740 213 .00 .00 .00 18935.
0515 64 .00 .00 .00 2196 . • 1 1745 214 .00 .00 .00 18987.
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0520 65 .00 .00 .00 2266 . • 1 1750 215 .00 .00 .00 19039.
0525 66 .00 .00 .00 2338. 1 1755 216 .00 .00 .00 19089.
0530 67 .00 .00 .00 2410 . • 1 1800 217 .00 .00 .00 19139.
0535 68 .00 .00 .00 2483 . • 1 1805 2 18 .00 .00 .00 19189.
0540 69 .00 .00 .00 2556 . • 1 1810 2 19 .00 .00 .00 19239.
0545 70 .00 .00 .00 2630 . • 1 1815 2 20 .00 .00 .00 19289.
0550 71 .00 .00 .00 2704 . • 1 1820 221 .00 .00 .00 19339.
0555 72 .00 .00 .00 2778 . • I 1825 222 .00 .00 .00 19388.
0600 73 .00 .00 .00 2854 . • 1 1830 223 .00 .00 .00 19438.
0605 74 .00 .00 .00 2929 . • 1 1835 224 .00 .00 .00 19486.
0610 75 .00 .00 .00 3004. • 1 1840 225 .00 .00 .00 19532.
0615 76 .00 .00 .00 3079 . • 1 1845 226 .00 .00 .00 19569.
0620 77 .00 .00 .00 3154 . • 1 1850 227 .00 .00 .00 19600.
0625 78 .00 .00 .00 3229 . • 1 1855 228 .00 .00 .00 19628.
0630 79 .00 .00 .00 3305. I 1900 229 .00 .00 .00 19653.
0635 80 .00 .00 .00 3380 . • I 1905 230 .00 .00 .00 19676.
0640 81 .00 .00 .00 3457 . • 1 1910 231 .00 .00 .00 19698.
0645 82 .00 .00 .00 3536. • 1 1915 232 .00 .00 .00 19717.
0650 83 .00 .00 .00 3620. * 1 1920 233 .00 .00 .00 19735.
0655 84 .00 .00 .00 3707. • 1 1925 234 .00 .00 .00 19751.
0700 85 .00 .00 .00 3796. • 1 1930 235 .00 .00 .00 19765.
0705 86 .00 .00 .00 3886. • 1 1935 23 6 .00 .00 .00 19779.
0710 87 .00 .00 .00 3978, • 1 1940 237 .00 .00 .00 19791.
0715 88 .00 .00 .00 4070 . • 1 1945 238 .00 .00 .00 19801.
0720 89 .00 .00 .00 4164 . • 1 1950 239 .00 .00 .00 19811.
0725 90 .00 .00 .00 4259 . • 1 1955 240 .00 .00 .00 19819.
0730 91 .00 .00 .00 4355. • 1 2000  241 .00 .00 .00 19827.
0735 92 .00 .00 .00 4451. • 1 2005 242 .00 .00 .00 19836.
0740 93 .00 .00 .00 4549 . * I 2010  243 .00 .00 .00 19844,
0745 94 .00 .00 .00 4647. I 2015  244 .00 .00 .00 19852,
0750 95 .00 .00 .00 4746. • 1 2020  245 .00 .00 .00 19861.
0755 96 .00 .00 .00 4845. • 1 2025  246 .00 .00 .00 19869.
0800 97 .00 .00 .00 4946. • 1 2030  247 .00 .00 .00 19877.
0805 98 .00 .00 .00 5046. • I 2035  24 8 .00 .00 .00 19884.
0810 99 .00 .00 .00 5146. • 1 2040  249 .00 .00 .00 19891.
0815 100 .00 .00 .00 5246. • 1 2045 250 .00 .00 .00 19893.
0820 101 .00 .00 .00 5346. • 1 2050  251 .00 .00 .00 19894.
0825 102 .00 .00 .00 5446. 1 2055  252 .00 .00 .00 19893,
0830 103 .00 .00 .00 5547. • 1 2100  253 .00 .00 .00 19892.
0835 104 .00 .00 .00 5648. • 1 2105  254 .00 .00 .00 19889.
0840 105 .00 .00 .00 5750. • 1 2110  255 .00 .00 .00 19886.
0845 106 .00 .00 .00 5856. • 1 2115  256 .00 .00 .00 19882.
0850 107 .00 .00 .00 5969, • 1 2120  257 .00 .00 .00 19877.
0855 108 .00 .00 .00 6086, 1 2125  258 .00 .00 .00 19872,
0900 109 .00 .00 .00 6204, • 1 2130  25 9 .00 .00 ,00 19866,
0905 110 .00 .00 .00 6325. • 1 2135  26 0 .00 .00 .00 19860.
0910 111 .00 .00 .00 6447, • 1 2140  261 .00 .00 .00 19853.
0915 112 .00 .00 .00 6571. • 1 2145  262 .00 .00 .00 19845.
0920 113 .00 .00 .00 6696. • 1 2150  263 .00 .00 .00 19837.
0925 114 .00 .00 .00 6823. • 1 2155 264 .00 .00 .00 19829,
0930 115 .00 .00 .00 6950. * I 2200  265 .00 .00 .00 19820,
0935 116 .00 .00 .00 7079. • 1 2205  266 .00 .00 .00 19812.
0940 117 .00 .00 .00 7209. 1 2210  267 .00 .00 .00 19804.
0945 118 .00 .00 .00 7340, 1 2215  268 .00 .00 .00 19795.
0950 119 .00 .00 .00 7472, • 1 2220  269 .00 .00 .00 19787,
0955 120 .00 .00 .00 7605. • 1 2225 270 .00 .00 .00 19778.
1000 121 .00 .00 .00 7739. • I 2230  271 .00 .00 .00 19768,
1005 122 .00 .00 .00 7872. 1 2235  272 .00 .00 .00 19758,
1010 123 .00 .00 .00 8006, • 1 2240  273 .00 .00 .00 19744.
1015 124 .00 .00 .00 8139. 1 2245  274 .00 .00 .00 19720,
1020 125 .00 .00 .00 8273, • I 2250  275 .00 .00 .00 19692.
1025 126 .00 .00 .00 8407. • 1 2255  27 6 .00 .00 .00 19661,
1030 127 .00 .00 .00 8540. • 1 2300  277 .00 .00 .00 19628.
1035 128 .00 .00 .00 8675. • 1 2305  278 .00 .00 .00 19592.
1040 129 .00 .00 .00 8810. * I 2310  279 .00 .00 .00 19554.
1045 130 .00 .00 .00 8949. 1 2315  280 .00 .00 .00 19515,
1050 131 .00 .00 .00 9092, 1 2320  281 .00 .00 .00 19474,
1055 132 .00 .00 .00 9238. • I 2325  28 2 .00 .00 .00 19431.
1100 133 .00 .00 .00 9385. 1 2330  283 .00 .00 .00 19387.
1105 134 .00 .00 .00 95.14. 1 2335  284 .00 .00 .00 19342.
1110 135 .00 .00 .00 9685, I 2340  285 .00 .00 .00 19295.
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136 .00 .00 .00 9836 . 1 2345 286 .00 .00 .00 19247.
1 1120 137 .00 .00 .00 9989 . 1 2350  287 .00 .00 .00 19198.
1 1125 138 .00 .00 .00 10142. I 2355 288 .00 .00 .00 19148.
1 1130 139 .00 .00 .00 10296. 2 0000 289 .00 .00 .00 19098.
1 1135 140 .00 .00 .00 10451. 2 0005 290 .00 .00 .00 19047.
1 1140 141 .00 .00 .00 10607. 2 0010 291 .00 .00 .00 18997.
1 1145 142 .00 .00 .00 10764. 2 0015 292 ,00 .00 .00 18947.
1 1150 143 .00 .00 .00 10922. 2 0020 293 .00 .00 .00 18897.
1 1155 144 .00 .00 .00 11080. 2 0025 294 .00 .00 .00 18847.
1 1200 145 .00 .00 .00 11238. 2 0030 295 .00 .00 .00 18797.
1 1205 146 .00 .00 .00 11397. 2 0035 296 .00 .00 .00 18746.
1 1210 147 .00 .00 .00 11555. 2 0040 297 .00 .00 .00 18695,
1 1215 148 .00 .00 .00 11714. 2 0045 298 .00 .00 .00 18642.
1 1220 149 .00 .00 .00 11872. 2 0050 299 .00 .00 .00 18588.
1 1225 150 .00 .00 .00 12031. 2 0055 300 .00 .00 .00 18533,
T O T A L  R A IN FA L L  =  7 .92 , T O T A L  L O S S  =  4 .3 4 . T O T A L  E X C E SS =
P E A K  FL O W  T IM E  M A X IM U M  A V E R A G E  FL O W
6-H R  2 4 -H R  72 -H R  24 .92 -H R
+ (C FS ) (H R )
(C FS)
r- 19894. 20 .83 19675. 11466. 11045. 11045.
(IN C H E S ) 1.424 3 .319  3 .319 3.319
(A C -F T ) 9756 . 22743 . 22743. 22743.
C U M U L A T IV E  A R E A  =  128.50 SQ  M I
3 .58
P E A K  FL O W  A N D  S T A G E  (E N D -O F -P E R IO D ) SU M M v\R Y  FO R  M U L T IPL E  PL A N -R A T IO  E C O N O M IC  C O M PU T A T IO N S 
F L O W S IN  C U B IC  FE E T  PE R  SE C O N D . A R E A  IN S Q U A R E  M ILES 
T IM E  T O  P E /\K  IN H O U R S
R A T IO S A P P L IE D  T O  PR E C IPIT A T IO N  
O P E R A T IO N  S T A T IO N  A R E A  P L A N  R A T IO  1
1.00
H Y D R O G R A PH  A T
M aw-1 128.50 I F L O W  19894. 
T IM E  20.83
'  N O R M A L  E N D  O F  HEC-1 '
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F L O O D  H Y D R O G R A PH  PA C K A G E  (H E C -1) 
FE B R U A R Y  1981 •
R E V IS E D  02 A U G  88 •
R U N  D A T E  09 /22 /1998  T IM E  17:42:39 •
* U .S . A R M Y  C O R PS O F E N G IN E E R S 
•  I H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  •
•  609  S E C O N D  ST R E E T  *
D A V IS . C A L IFO R N IA  95616 *
(9 1 6 )5 5 1 -1 7 4 8  •
• ■ • • • • • • • • • « • « • • • • • a
X X  X X X X X X X  X X X X X X
X X X  X X  X X
X X X X  X
X X X X X X X  X X X X  X X X X X X  X
X X X X  X
X x x x x  X
X X X X X X X X X  X X X X X X X X
T H IS  PR O G R A M  R E PL A C E S A L L  PR E V IO U S V E R S IO N S  O F H EC-1 K N O W N  AS H E C I (JA N  73), H E C IG S . H E C ID B , A N D  
H E C IK W .
T H E  D E FIN IT IO N S O F  V A R IA B L ES -R T IM P- A N D  -R T IO R - H A V E  C H A N G E D  FR O M  T H O S E  U S E D  W IT H  T H E  1 9 7 3 -S 'm ,E  
IN P U T  S T R U C T U R E .
T H E  D E FIN IT IO N  O F  -A M SK K - O N  R M -C A R D  W A S C H A N G E D  W IT H  R E V ISIO N S D A T E D  28 S E P  8 1 T H IS  IS T H E  F O R T R A N ??  
V E R SIO N
N E W  O r r iO N S ;  D A M B R E A K  O U T F L O W  S U B M E R G E N C E  . S IN G L E  E V E N T  D A M /\G E  CA LCU L.A TIO N . D S S :W R !T E  ST A G E  
FR E Q U E N C Y ,
D S S :R E A D  T IM E  S E R IE S  A T  D E SIR E D  C A L C U L A T IO N  IN T E R V A L  L O SS R A T E :G R E E N  A N D  A M P T  IN F IL T R A T IO N  
K IN E M A T IC  W A V E: N E W  FIN FIE  D IF FE R E N C E  A L G O R IT H M
HEC-1 IN PU T PA G E  1
L IN E ID 1 .... 2 .......3 ...... 4 .......5 ...... 6 ....... 7 .......8 ....... 9 ......10
1 ID
2
3 ID  %% N IL W A L A  G A N G A  B A S IN  %%
4 ID  %% S t.A ugustine  R ainfall G auging  Station
5 ID  %% For la  »  0 .05S %%
6 ID  % % W A T E R S H E D  A N A L Y SIS  %%
7 ID  % % T ype 1 ,24 -hou r d istribu tion  %%
8 ID  % % 5-ycar return period %%
9 ID  % % %%
10 ID  %% %%
11 ID  %% %%
12
13 ID
•D IA G R A M
14 IT  5 0 0 300
15 lO  2 0 0
16 IN 5 0 0
17 J R  PREC 1.00
18 K K  Aug-1
19 K M  B asin  m nofT  using St.A ugustine
20 K M  B A SIN  Aug-1
21 K M  A rea:= 128.50 M iles^2
22 K M  C N  = 54.8
23 K M  T c = 33 .17  hours
24 K M
25 B A  128.5
26 P B  5 8 2
27 PC  U.OOO 0 .0 1 8  0 .035 0 .056 0 .076 0 .101 0 .1 2 5  0 .156  0 .194 0 .254
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28 PC 0.515 0.624 0 .682 0.727 0 .767  0 .799  0 .830  0 .854 0 .878  0 .902
29 PC 0 .926 0.945 0.963 0 .982 1.000
30 LS 0.41 54.8
31 U D 19.86
32 Z Z
1
SC H E M A T IC  D IA G R A M  O F  S T R E A M  N E T W O R K
IN P U T
L IN E  (V ) R O U T IN G  (— > )  D IV E R S IO N  O R  PU M P  FL O W
N O . (.) C O N N E C T O R  (<— ) R E T U R N  O F  D IV E R T E D  O R  PU M PE D  FL O W  
18 Aiig-1
( • • “)  R U N O FF A L SO  C O M P U T E D  A T  T H IS  L O C A T IO N    ......
F L O O D  H Y D R O G R A PH  P A C K A G E  (H E C -1 ) " •  U .S . A R M Y  C O R PS O F  E N G IN E E R S
F E B R U A R Y  1981 * * TH E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  '
R E V ISE D  02  A U G  88  •  • 6 09  SE C O N D  ST R E ET
• * D A V IS. C A L IF O R N IA  95616  •
R U N  D A T E  09 /22 /1998  T IM E  17:42:39 * * (9 1 6 )5 5 1 -1 7 4 8
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%%  N IL W A L A  G A N G A  B A S IN  %%
%%  S t.A ugustine  R ainfall G aug ing  Station 
% %  For la  = 0 .05S  % %
%%  W A T E R S H E D  A N A L Y S IS  % %
®/o% T ype I, 24 -h o u r d is tribu tion  % %





:0  O U T P U T  C O N T R O L  V A R IA B L E S 
IP R N T  2 P R IN T  C O N T R O L
IP L O T  0  P L O T  C O N T R O L
Q S C A L  0 . H Y D R O G R A P H  PL O T  SC A LE
H Y D R O G R A IT I T IM E  D A T A
N M IN  5 M IN U T E S IN  C O M P U T A T IO N  IN TERV A L 
ID A T E  I 0  S T A R T IN G  D A TE  
IT IM E  0000  ST A R T IN G  T IM E
N Q  300  N U M B E R  O F  H Y D R O G R A P H  O R D IN A IE S
N D D A T E  2 0 E N D IN G  D A TE
N D T IM E  0055  E N D IN G  T IM E
IC E N T  19 C E N T U R Y  M A R K
C O M P U T A T IO N  IN T E R V A L  .08 H O U R S 
T O T A L  T IM E  B A S E  24 .92  H O U R S
E N G L ISH  UN ITS
D R A IN A G E  A R E A  SQ U A R E  M IL E S 
PR E C IPIT A T IO N  D E P T H  IN C H ES 
L E N G T H , E LE V A TIO N  FE E T  
F L O W  C U B IC  F E E T  PE R  SE C O N D
ST O R A G E  V O L U M E  A C R E -F E E T  
SU R F A C E  A R E A  A C R E S 
T E M P E R A T U R E  D E G R E E S  F A H R E N H E IT
M U LT I-PL A N  O PTIO N  
N P L A N  I N U M B E R  O F  PL A N S
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JR  M U L T I-R A T IO  O PTIO N
R A T IO S O F PR E C IPIT A T IO N
1.00
18 K K  * Aug-1 *
B asin  runo ff using S t.A ugustine 
B A S IN  Aug-1 
/Vrea= 128.50 Miles'""!
C N =  54.8 
T c  =  33 .17 hours
16 IN  TIM E D A T A  F O R  IN PU T  T IM E  SE RIES
JX M IN  5 T IM E  IN T E R V A L  IN  M IN U T E S
JX D A T E  1 0  ST A R T IN G  D A TE 
JX T IM E  0  ST A R T IN G  T IM E
S U B B A S IN  R U N O FF DA TA
25 BA  SU B B A S IN  C H A R A C T E R IS T IC S
T A R E A  128.50 SU B B A S IN  A R E A
P R E C IPIT A T IO N  D A TA
26 PB ST O R M  5.82 B A S IN  T O T A L  PR E C IPIT A T IO N
27 PI IN C R E M E N T A L  PR E C IPIT A T IO N  PA TT E R N
.02 .02 .02 .02 .03 .02 .03 .04 .06 .26
.11 .06 .05 .04 .03 .03 .02 .02 .02 .02
.02 .02 .02 .02
30  LS s e s  L O SS RA T E
ST R T L  .41 IN IT IA L  A B S T R A C T IO N  
C R V N B R  54 .80 C U R V E  N U M B E R  
R T IM P .00 PE R C E N T  IM P E R V IO U S A R E A
31 U D  s e s  D IM E N SIO N L E SS U N IT G R A PH
T L A G  19.86 L A G
• W A R N IN G  • • •  U N IT  H Y D R O G R A PH  T R U N C A T E D  F R O M l 194 T O  300  IN T E R V A L S
'  W A R N IN G  • • •  V O L U M E  U N D E R  U N IT  G R A P H  = .56
O R D IN A T E S O F  U N IT  G R A P H  W E R E  IN C R E A S E D  T O  O B T A IN  1.0 IN C H E  OF R U N O FF. 
TO PR E V E N T  T H IS , IN C R E A SE  T H E  C O M PU T A T IO N  IN T E R V A L  O N  T H E  'T P  R E C O R D .
U N IT  H Y D R O G R A PH  
300 E N D -O F-PE R IO D  O R D IN A T E S 
V O L U M E »  1.00
7. 14. 21. 28 . 35. 42 49 56. 63 . 70
77. 84. 91. 98. 105. 11:2. II19. 126. 133. 140.
147. 154. 161. 169. 185. 202. 218. 234. 251 . 267.
283. 299 . 316. 332. 348 . 365. 381. 397. 414 . 430.
446 . 463 . 479. 495. 512 . 528. 544. 562. 583 . 604.
625 . 646 . 667. 687. 708 . 729. 750. 771. 792 . 813.
834 . 855 . 876. 897. 918. 939. 960, 981 . 1002. 1023.
1044. 1068. 1096. 1124. 1152. 1179.. 1207 . 1235. 1263. 1291.
1319. 1347. 1375. 1403. 1431. 1459. 1487 . 1515. 1543. 1571.
1599. 1627. 1655. 1683. 1711. 1743 1781 . 1818. 1855. 1892.
1930. 1967. 2004. 2042. 2079. 2116. 2154 . 2191. 22 2 8 . 2265.
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2340 . 2377. 2415. 2452. 2489. 2527 . 2564. 2601. 2643.
2687. 2731. 2775. 2820. 2864. 2908. 2953 . 2997. 3041. 3085.
3130. 3174. 3218. 3263. 3307. 3351. 3395. 3440. 3484. 3528.
3573. 3617. 3661. 3700. 3738. 3775. 3812 . 3850. 3887. 3924.
3962. 3999 . 4036. 4073. 4111. 4148. 4 1 8 5 . 4223. 4260. 4297.
4334. 4372 . 4409. 4446. 4484. 4521 . 4 5 5 8 . 4586. 4612. 4637.
4663. 4688 . 4714. 4740. 4765. 4791. 4 8 1 7 . 4842. 4868. 4894.
4919. 4945 . 4971. 4996. 5022. 5047 . 5073 . 5099. 5124. 5150.
5176. 5190. 5204. 5218. 5232. 5246. 5260 5274. 5288. 5302.
5316. 5330. 5344. 5358. 5372. 5386, 5400. 5414. 5428. 5442.
5456. 5470. 5484. 5498. 5511. 5514 . 5516. 5518. 5521. 5523.
5525. 5528. 5530. 5532. 5535. 5537. 5539. 5542. 5544. 5546.
5549. 5551. 5553. 5556. 5558. 5560 . 5563. 5565. 5566. 5564.
5562. 5559. 5557. 5555. 5552. 5550 . 5548. 5545. 5543. 5541.
5538. 5536. 5534. 5531. 5529. 5527. 5524. 5522. 5520. 5517.
5515. 5513. 5507. 5493. 5479. 5465. 5451. 5437. 5423. 5409.
5395. 5381. 5367. 5353. 5339. 5325. 5311 . 5297. 5283. 5269.
5255. 5241. 5227. 5213. 5199. 5185. 5170. 5154. 5138. 5121.
5105. 5089. 5072. 5056. 5040. 5023. 5007. 4991. 4975. 4958.
• • • • • • •
H Y D R O G R A P H  A T  S T A T IO N  Aug-1
D A  M O N  H R M N  O R D  R A IN  L O S S  E X C E SS C O M P  Q D A  M O N  H R M N  O R D  R.AIN LO SS E X C E SS C O M P  Q
0000 .00 .00 .00 0. . 1 12.>0 151 .00 .00 .00 7273.
0005 2 .10 .10 .00 0. • 1 1235 152 .00 .00 .00 7368.
0010 3 .10 .10 .00 0. • 1 1240 153 .00 .00 .00 7462.
0015 4 .12 .12 .00 Ü. • 1 1245 154 .00 .00 .00 7553.
0020 5 .12 .12 .00 0, • 1 1250 155 .00 .00 .00 7643.
0025 6 .15 .14 .00 0. • 1 1255 156 .00 .00 .00 7730.
0030 7 .14 .13 .01 0. • 1 1300 157 .00 .00 .00 7817.
0035 8 .18 .16 .02 0. • I 1305 158 .00 .00 .00 7903.
0040 9 .22 .19 .03 1. • 1 1310 159 .00 .00 .00 7988.
0045 10 .35 .28 .06 2. • 1 1315 160 .00 .00 .00 8072.
0050 11 1.52 1.02 .50 6. 1 1320 161 .00 .00 .00 8156.
0055 12 .63 .35 .29 12. 1 1325 162 .00 .00 .00 8239.
0100 13 .34 .17 .17 20. 1 1330 163 .00 .00 .00 8322.
0105 14 .26 .13 .14 28. 1 1335 164 .00 .00 .00 8404.
0110 15 .23 .11 .13 38. 1 1340 165 .00 .00 .00 8485.
0115 16 .19 .08 .10 48. 1 1345 166 .00 .00 .00 8566.
0120 17 .18 .08 .10 58. 1 1350 167 .00 .00 .00 8647.
0125 18 .14 .06 .08 70. 1 1355 168 .00 .00 .00 8727.
0130 19 .14 .06 .08 82. 1 1400 169 .00 .00 .00 8807.
0135 20 .14 .06 .08 94, 1 1405 170 .00 .00 .00 8886.
0140 21 .14 .05 .08 107. 1 1410 171 .00 .00 .00 8966.
0145 22 .11 .04 .07 121. I 1415 172 .00 .00 .00 9046.
0150 23 .10 .04 .07 135. 1 1420 173 .00 .00 .00 9126.
0155 24 .11 .04 .07 149. 1 1425 174 .00 .00 .00 9206.
0200 25 .10 .04 .07 164. I 1430 175 .00 .00 .00 9286.
0205 26 .00 .00 .00 179. 1 1435 176 .00 .00 .00 9365.
0210 27 .00 .00 .00 194. I 1440 177 .00 .00 .00 9444.
0215 28 .00 .00 .00 209. 1 1445 178 .00 .00 .00 9517.
0220 29 .00 .00 .00 224. 1 1450 179 .00 .00 .00 9587.
0225 30 .00 .00 .00 239. 1 1455 180 .00 .00 .00 9655.
0230 31 .00 .00 .00 254. 1 1500 181 .00 .00 .00 9721.
0235 32 .00 .00 .00 270. 1 1505 182 .00 .00 .00 9786.
0240 33 .00 .00 .00 285. 1 1510 183 .00 .00 .00 9849.
0245 34 .00 .00 .00 302. 1 1515 184 .00 .00 .00 9911.
0250 35 .00 .00 .00 323. 1 1520 185 .00 .00 .00 9972.
0255 36 .00 .00 .00 347. 1 1525 186 .00 .00 .00 10033.
0300 37 .00 .00 .00 372. 1 1530 187 .00 .00 .00 10092.
0305 38 .00 .00 .00 398. 1 1535 188 .00 .00 .00 10150.
0310 39 .00 .00 .00 426. 1 1540 189 .00 .00 .00 10207.
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0315 40 .00 .00 .00 454 . • 1 1545  190 .00 .00 .00 10264.
0320 41 .00 .00 .00 484 . • 1 1550  191 .00 .00 .00 10320.
0325 42 .00 .00 .00 514 . • 1 1555 192 .00 .00 .00 10375.
0330 43 .00 .00 .00 545 . • 1 1600  193 .00 .00 .00 10430.
0335 44 .00 .00 .00 577 . • 1 1605 194 .00 .00 .00 10485.
0340 45 .00 .00 .00 609 . • 1 1610  195 .00 .00 .00 10540.
0345 46 .00 .00 .00 642 . • 1 1615 196 .00 .00 .00 10595.
0350 47 .00 .00 .00 676 . • 1 1620  197 .00 .00 .00 10650.
0355 48 .00 .00 .00 711 . • 1 1625 198 .00 .00 .00 10705.
0400 49 .00 .00 .00 746 . • 1 1630  199 .00 .00 .00 10759.
0405 50 .00 .00 .00 781 . • 1 1635 200 .00 .00 .00 10813.
0410 51 .00 .00 .00 816 . • 1 1640 201 .00 .00 .00 10867.
0415 52 .00 .00 .00 851 . • 1 1645 202 .00 .00 .00 10915.
0420 53 .00 .00 .00 885 . • I 1650  203 .00 .00 .00 10960.
0425 54 .00 .00 .00 920 . • 1 1655 204 .00 .00 .00 11002.
0430 55 .00 .00 .00 956 . • 1 1700  205 .00 .00 .00 11043.
0435 56 .00 .00 .00 991 . • I 1705 206 .00 .00 .00 11083.
0440 57 .00 .00 .00 1026. • 1 1710  207 .00 .00 .00 11121.
0445 58 .00 .00 .00 1062. • 1 1715 208 .00 .00 .00 11158.
0450 59 .00 .00 .00 1100. • 1 1720 209 .00 .00 .00 11194.
0455 60 .00 .00 .00 1140. * 1 1725 210 .00 .00 .00 11229.
0500 61 .00 .00 .00 1180. • I 1730 211 .00 .00 .00 1 1263.
0505 62 .00 .00 .00 1220. • I 1735 212 .00 .00 .00 11296.
0510 63 .00 .00 .00 1262. • 1 1740 213 .00 .00 .00 1 1329.
0515 64 .00 .00 .00 1304. • 1 1745 214 .00 .00 .00 11360.
0520 65 .00 .00 .00 1346. • 1 1750 215 .00 .00 .00 11391.
0525 66 .00 .00 .00 1388. • 1 1755 216 .00 .00 .00 11421.
0530 67 .00 .00 .00 1431. • 1 1800 217 .00 .00 .00 11451.
0535 68 .00 .00 .00 1475. * I 1805 218 .00 .00 .00 11481.
0540 69 .00 .00 .00 1519. 1 1810 219 .00 .00 .00 11511.
0545 70 .00 .00 .00 1563. * 1 1815 220 .00 .00 .00 11541.
0550 71 .00 .00 .00 1607. • I 1820 221 .00 .00 .00 11571.
0555 72 .00 .00 .00 1652. • 1 1825 222 .00 .00 .00 11601.
0600 73 .00 .00 .00 1697, • I 1830 223 .00 .00 .00 11630.
0605 74 .00 .00 .00 1742. 1 1835 224 .00 .00 .00 1 1660.
0610 75 .00 .00 .00 1787. • 1 1840 225 .00 .00 .00 11688.
0615 76 .00 .00 .00 1832. • 1 1845 22 6 .00 .00 .00 117)0.
0620 77 .00 .00 .00 1877. • 1 1850 227 .00 .00 .00 1 1730.
0625 78 .00 .00 .00 1922. • 1 1855 228 .00 .00 .00 1 1747.
0630 79 .00 .00 .00 1967. • 1 1900 229 .00 .00 .00 1 1763.
0635 80 .00 .00 .00 2012 . • 1 1905 230 .00 .00 .00 1 1777.
0640 81 .00 .00 .00 2057 . • 1 1910 231 .00 .00 .00 11790.
0645 82 .00 .00 .00 2104 . • 1 1915 232 .00 .00 .00 1 1802.
0650 83 .00 .00 .00 2154 . • 1 1920 233 .00 .00 .00 11813,
0655 84 .00 .00 .00 2206 . • 1 1925 234 .00 .00 .00 1 1823.
0700 85 .00 .00 .00 2259 . * 1 1930 235 .00 .00 .00 1 1832.
0705 86 .00 .00 .00 2313. 1 1935 236 .00 .00 .00 11840.
0710 87 .00 .00 .00 2367 . • I 1940 237 .00 .00 .00 11848.
0715 88 .00 .00 .00 2422 . • 1 1945 238 .00 .00 .00 11854.
0720 89 .00 .00 .00 2478. • 1 1950  239 .00 .00 .00 1 1860.
0725 90 .00 .00 .00 2535. • 1 1955 240 .00 .00 .00 11865.
0730 91 .00 .00 .00 2592. • 1 2 0 0 0  241 .00 .00 .00 11870.
0735 92 .00 .00 .00 2650. * 1 2 0 0 5  242 .00 .00 .00 11875,
0740 93 .00 .00 .00 2708 . • 1 2 0 1 0  243 .00 .00 .00 11880,
0745 94 .00 .00 .00 2767 . • 1 2 0 1 5  244 .00 .00 .00 1 1885,
0750 95 .00 .00 .00 2826 , • 1 2 0 2 0  245 .00 .00 .00 11890.
0755 96 .00 .00 .00 2885 . • 1 2025  246 .00 .00 .00 11895.
0800 97 .00 .00 .00 2945 . • 1 2 0 3 0  247 .00 .00 .00 11900,
0805 98 .00 .00 .00 3005 . • I 2035  248 .00 .00 .00 11904.
0810 99 .00 .00 .00 3065, • 1 2 0 4 0  249 .00 .00 .00 11908,
0815 100 .00 .00 .00 3125. • 1 2045  250 .00 .00 .00 11910,
0820 101 .00 .00 .00 3185. • 1 2050  251 .00 .00 .00 1 1911.
0825 102 .00 .00 .00 3245. 1 2055  252 .00 .00 .00 I 1911.
0830 103 .00 .00 .00 3305. • 1 2100  253 .00 .00 .00 1 1910,
0835 104 .00 .00 .00 3366. 1 2105  254 .00 .00 .00 11909,
0840 105 .00 .00 .00 3426. I 2110  255 .00 .00 .00 11907.
0845 106 .00 .00 .00 3490 . • I 2115  256 .00 .00 .00 11905
0850 107 .00 .00 .00 3557. 1 2 1 2 0  257 .00 .00 .00 11902,
0855 108 .00 .00 .00 3626. • I 2125  258 .00 .00 .00 11899,
0900 109 .00 .00 .00 3696. • 1 2130  259 .00 .00 .00 11895,
0905 110 .00 .00 .00 3768. • 1 2135  260 .00 .00 .00 11892,
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111 .00 .00 .00 3 8 41 . • 1 2140 261 .00 .00 .00 11888.
1 0915 112 .00 .00 .00 3 9 15 . • 1 2145 262 .00 .00 .00 11883.
1 0920 113 .00 .00 .00 3 9 89 . • 1 2150 263 .00 .00 .00 11878.
1 0925 114 .00 .00 .00 4 0 65 . • 1 2155 264 .00 .00 .00 11873.
1 0930 115 .00 .00 .00 4 1 41 . • 1 2200 265 .00 .00 .00 11868.
1 0935 116 .00 .00 .00 4 2 18 . • 1 2205 266 .00 .00 .00 11863.
1 0940 117 .00 .00 .00 4 2 96 . • 1 2 2 1 0 267 .00 .00 .00 1 1858.
! 0945 118 .00 .00 .00 4 3 74 . • 1 2215 268 .00 .00 .00 11853.
1 0950 119 .00 .00 .00 4 4 53 . • 1 2220 269 .00 .00 .00 11848.
1 0955 120 .00 .00 .00 4 5 33 . • 1 2225 270 .00 .00 .00 11843.
1 1000 121 .00 .00 .00 4 6 13 . • 1 2230 271 .00 .00 .00 11838.
1 1005 122 .00 .00 .00 4 6 92 . • 1 2235 272 .00 .00 .00 11832.
1 1010 123 .00 .00 .00 4 7 72 . • 1 2240 273 .00 .00 .00 11824.
1 1015 124 .00 .00 .00 4 8 5 2 . • 1 2245 274 .00 .00 .00 11810.
1 1020 125 .00 .00 .00 4932 . 1 2250 275 .00 .00 .00 11794.
1 1025 126 .00 .00 .00 5012 . • 1 2255 276 .00 .00 .00 1 1 7 /6 .
1 1030 127 .00 .00 ,00 5092 . • 1 2300 277 .00 .00 .00 1 1757.
I 1035 128 .00 .00 .00 51 7 3 . • 1 2305 278 .00 .00 .00 11736.
1 1040 129 .00 .00 .00 5 2 53 . • I 2310 279 .00 .00 .00 11714.
1 1045 130 .00 .00 .00 5336 . • 1 2315 280 .00 .00 .00 11690.
1 1050 131 .00 .00 ,00 5421 . • 1 2320 281 .00 .00 .00 11666.
1 1055 132 .00 .00 .00 5508, • 1 2325 282 .00 .00 .00 11641.
1 1100 133 .00 .00 .00 5596 . • 1 2330 283 .00 .00 .00 11615.
1 1105 134 .00 .00 .00 5 6 85 . • 1 2335 284 .00 .00 .00 11588.
1 1110 135 .00 .00 .00 5 7 75 . • 1 2340 285 .00 .00 .00 11560,
1 1115 136 .00 .00 .00 5 8 65 . • 1 2345 286 .00 .00 .00 11531.
1 1120 137 .00 .00 .00 5 9 56 . • 1 2350 287 .00 .00 .00 11502.
1 1125 138 .00 .00 .00 6048 . • 1 2355 288 .00 .00 .00 11472,
1 1130 139 .00 .00 .00 6 1 40 . • 2  0000 289 .00 .00 .00 11442.
1 1135 140 .00 .00 .00 6 2 33 . • 2 0005 290 .00 .00 .00 11412.
1 1140 141 .00 .00 .00 6 3 26 . * 2 0010 291 .00 .00 .00 11382.
1 1145 142 .00 .00 .00 6 4 20 . • 2  0015 292 .00 .00 .00 11352.
1 1150 143 .00 .00 ,00 6 5 1 4 . • 2 0020 293 .00 .00 .00 11322,
1 1155 144 .00 .00 ,00 6 6 09 . • 2  0025 294 .00 .00 .00 11292.
1 1200 145 .00 .00 .00 6704 . • 2 0030 295 .00 .00 .00 11262.
1 1205 146 .00 .00 .00 6 7 99 . • 2 0035 296 .00 ,00 .00 11232.
1 1210 147 .00 .00 .00 6 8 94 . • 2 0040 297 .00 .00 .00 11201.
1 1215 148 .00 .00 .00 6 9 89 . • 2 0045 298 .00 .00 .00 11169.
1 1220 149 .00 .00 .00 7 0 83 . • 2 0050 299 .00 .00 .00 11137.
1 1225 150 .00 .00 .00 7178 . • 2 0055 300 .00 ,00 .00 11105.
T O T A L  R A IN FA L L  =  5 .82 , T O T A L  L O SS =  3 .6 8 , T O T A L  E X C E SS =  2 .14
P E A K  FLO W  T IM E
6-H R
M A X IM U M  A V E R A G E  FL O W  
2 4 .U R  72 -IIR  24 .92 -H R
(C F S ) (H R )
(C FS ) 
+ 11911. 20.83 11780. 6855. 6603 . 6603 .
(IN C H E S ) .852 1.984 1.984 1.984
(A C -F T ) 5841 . 13597. 13597. 13597.
C U M U L A T IV E  A R E A  -  128.50 SQ  M I
• W A R N IN G  • • •  U N IT  H Y D R O G R A P H  T R U N C A T E D  F R O M l 194 T O  300  IN T E R V A L S
» W A R N IN G  • • •  V O L U M E  U N D E R  U N IT  G R A P H  =  .56
O R D IN A T E S O F  U N IT  G R /\P H  W ER E  IN C R E A S E D  T O  O B T A IN  1.0 IN C H E  O F RU N O FF. 
T O  P R E V E N T  T H IS . IN C R E A S E  T H E  C O M P U T A T IO N  IN T E R V A L  O N  T H E  TT" R E C O R D .
H Y D R O G R A PH  A T  S T A T IO N  
PL A N  I. R ^ \T IO ^  1.00
A ug-1
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D A  M O N  H R M N  C R D  R A IN  LO SS E X C E SS C O M P  Q D A  M O N  H R M N  C R D  R A IN  L O SS E X C E SS C O M P  Q
0000 .00 .00 .00 0. • 1 1230 151 .00 ,00 .00 7273.
0005 2 .10 .10 .00 0. • 1 1235 152 .00 .00 .00 7368.
0010 .10 .10 .00 0. • I 1240 153 .00 .00 .00 7462.
0015 .12 .12 .00 0. • 1 1245 154 .00 .00 .00 7553.
0020 5 .12 .12 .00 0. • 1 1250 155 .00 .00 .00 7643.
0025 6 .15 .14 .00 0. • 1 1255 156 .00 .00 .00 7730.
0030 7 .14 .13 .01 0. • 1 1300 157 .00 .00 .00 7817.
0035 8 .18 .16 .02 0. • 1 1305 158 .00 .00 .00 7903.
0040 9 .22 .19 .03 1. • 1 1310 159 .00 .00 .00 7988.
0045 10 .35 .28 .06 2. • 1 1315 160 .00 .00 .00 8072.
0050 H 1.52 1.02 .50 6. • 1 1320 161 .00 .00 .00 8156.
0055 12 .63 .35 .29 12. • 1 1325 162 .00 .00 .00 8239.
0100 13 .34 .17 .17 20. • I 1330 163 .00 .00 .00 8322.
0105 14 .26 .13 .14 28. • 1 1335 164 .00 .00 .00 8404.
OHO 15 .23 .11 .13 38. • 1 1340 165 .00 .00 .00 8485.
0115 16 .19 .08 .10 48. • I 1345 166 .00 ,00 .00 8566.
0120 17 .18 .08 .10 58. • I 1350 167 .00 .00 .00 8647.
0125 18 .14 .06 .08 70. • 1 1355 168 ,00 ,00 .00 8727.
0130 19 .14 .06 .08 82. • 1 1400 169 .00 .00 .00 8807.
0135 20 .14 .06 .08 94. • 1 1405 170 .00 .00 .00 8886.
0140 21 .14 .05 .08 107. • I 1410 171 .00 .00 .00 8966.
0145 22 .11 .04 .07 121. • 1 1415 172 .00 00 .00 9046 .
0150 23 .10 .04 .07 135. • 1 1420 173 .00 .00 .00 9126 .
0155 24 .11 .04 .07 149. • 1 1425 174 .00 .00 .00 9206 .
0 2 0 0 25 .10 .04 .07 164. • 1 1430 175 .00 .00 .00 9286 .
0205 26 .00 .00 .00 179. • 1 1435 176 .00 .00 .00 9365 .
0210 27 .00 .00 .00 194. • 1 1440 177 .00 .00 .00 9444 .
0215 28 .00 .00 .00 209. • 1 1445 178 .00 .00 .00 9517 .
0 2 2 0 29 .00 .00 .00 224. • 1 1450 179 .00 .00 .00 9587 .
0225 30 .00 .00 .00 239. • I 1455 180 .00 .00 .00 9655 .
0 2 3 0 31 .00 .00 .00 254. • 1 1500 181 .00 .00 .00 9721.
0235 32 .00 .00 .00 270. • 1 1505 182 ,00 .00 .00 9786.
0240 33 .00 .00 .00 285. • 1 1510 183 .00 .00 .00 9849.
0245 34 ,00 .00 .00 302. • 1 1515 184 ,00 .00 .00 9911.
0250 35 .00 .00 .00 323. • 1 1520 185 .00 ,00 .00 9972.
0255 36 .00 .00 .00 347. • 1 1525 186 .00 ,00 .00 10033.
0 3 0 0 37 .00 .00 .00 372. • 1 1530 187 .00 .00 .00 10092.
0305 38 .00 .00 .00 398. • 1 1535 188 .00 .00 .00 10150.
0310 39 .00 .00 .00 426 . • 1 1540 189 .00 .00 .00 10207.
0315 40 .00 .00 .00 454 . • 1 1545 190 .00 .00 .00 10264.
0320 41 .00 .00 .00 484. • 1 1550 191 .00 .00 .00 10320.
0325 42 .00 .00 .00 514. • 1 1555 192 .00 .00 .00 10375.
0330 43 DO .00 .00 545. • 1 J600 193 .00 .00 .00 10430.
0335 44 .00 .00 .00 577. • I 1605 194 .00 .00 .00 10485.
0340 45 .00 .00 .00 609. • 1 1610 195 .00 .00 .00 10540.
0345 46 .00 .00 .00 642. • I 1615 196 ,00 .00 .00 10595.
0 3 5 0 47 .00 .00 .00 676. • 1 1620 197 ,00 .00 .00 10650.
0355 48 .00 .00 .00 711. • 1 1625 198 ,00 ,00 .00 10705.
0 4 0 0 49 .00 .00 .00 746. • 1 1630 199 .00 ,00 .00 10759.
0405 50 .00 .00 .00 781. • 1 1635 200 ,00 ,00 ,00 10813.
0 4 1 0 51 .00 .00 .00 816. • 1 1640 201 .00 .00 .00 10867.
0415 52 .00 .00 .00 851. • I 1645 202 .00 .00 .00 10915.
0420 53 .00 .00 .00 885. • 1 1650 203 .00 .00 .00 10960.
0425 54 .00 .00 .00 920. * 1 1655 204 .00 .00 .00 11002.
0430 55 .00 .00 .00 956. • 1 1700 205 ,00 .00 .00 11043.
0435 56 .00 .00 .00 991. • t 1705 206 .00 .00 .00 11083.
0440 57 ,00 .00 .00 1026. • 1 1710 207 .00 .00 .00 11121.
0445 58 .00 .00 .00 1062. • 1 1715 208 .00 .00 .00 II1 5 S .
0450 59 ,00 .00 .00 1100. • 1 1720 209 .00 .00 .00 11194.
0455 60 .00 .00 .00 1140. • 1 1725 210 .00 .00 .00 11229.
0500 61 .00 .00 .00 1180. • 1 1730 211 .00 .00 .00 11263.
0505 62 .00 .00 .00 1220. • 1 1735 212 ,00 .00 .00 11296.
0510 63 .00 ,00 .00 1262. • 1 1740 213 .00 .00 .00 11329.
0515 64 .00 .00 .00 1304. • 1 1745 214 .00 .00 .00 11360.
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0520 65 .00 .00 .00 1346. • 1 1750 215 .00 .00 .00 11391.
0525 66 .00 .00 .00 1388. • I 1755 216 .00 .00 .00 11421.
0530 67 .00 .00 .00 1431. • 1 1800 217 .00 .00 .00 11451.
0535 68 .00 .00 .00 1475. • 1 1805 218 .00 .00 .00 11481 .
0540 69 .00 .00 .00 1519. • 1 1810 219 .00 .00 .00 11511.
0545 70 .00 .00 .00 1563. • I 1815 220 .00 .00 .00 11541 .
0550 71 .00 .00 .00 1607. • 1 1820 221 .00 .00 .00 11571.
0555 72 .00 .00 .00 1652. • 1 1825 222 .00 .00 .00 11601 .
0600 73 .00 .00 .00 1697. • I 1830 223 .00 .00 .CO 11630.
0605 74 .00 .00 .00 1742. • 1 1835 224 .00 .00 .00 11660.
0610 75 .00 .00 .00 1787. • 1 1840 225 .00 .00 .00 11688.
0615 76 .00 .00 .00 1832. • 1 1845 226 .00 .00 .00 11710.
0620 77 .00 .00 .00 1877. • 1 1850 227 .00 .00 .00 11730.
0625 78 .00 .00 .00 1922. • I 1855 228 .00 .00 .00 I I 747 .
0630 79 .00 .00 .00 1967. • I 1900 229 .00 .00 .00 11763.
0635 80 .00 .00 .00 2012. 1 1905 230 .00 .00 .00 11777.
0640 81 .00 .00 .00 2057 . • 1 1910 231 .00 .00 .00 11790 .
0645 82 .00 .00 .00 2104. • 1 1915 232 .00 .00 .00 I I 802 .
0650 83 .00 .00 .00 2154 , • 1 1920 233 .00 .00 .00 11813 .
0655 84 .00 .00 .00 2206 . • 1 1925 234 ,00 .00 .00 11823.
0700 85 .00 .00 .00 2259 . • 1 1930 235 .00 .00 .00 11132.
0705 86 .00 .00 .00 2313 . • 1 1935 236 .00 .00 .00 11840.
0710 87 .00 .00 .00 2367 . • 1 1940 237 .00 .00 .00 11848.
0715 88 .00 .00 .00 2422 . • 1 1945 238 .00 .00 .00 11854.
0720 89 .00 .00 .00 2478 . • 1 1950 239 .00 .00 .00 11860.
0725 90 .00 .00 .00 2535 . • 1 1955 240 .00 .00 .00 11865.
0730 91 .00 .00 .00 2592 . * I 2000 241 .00 .00 .00 11870.
0735 92 .00 .00 .00 2650 . • 1 2005 242 .00 ,00 .00 11875.
0740 93 .00 .00 .00 2708 . • 1 2010 243 .00 .00 .00 11880.
0745 94 .00 .00 .00 2767 . • I 2015 244 .00 .00 .00 1 1885.
0750 95 .00 .00 .00 2826 . • 1 2020 245 .00 .00 .00 11890.
0755 96 .00 .00 .00 2885 . • 1 2025 246 .00 .00 .00 11895.
0800 97 .00 .00 .00 2945. • 1 2030 247 .00 .00 .00 11900.
0805 98 .00 .00 .00 3005. 1 2035 248 .00 .00 .00 11904.
0810 99 .00 .00 .00 3065 . • 1 2040 249 .00 .00 .00 11908,
0815 100 .00 .00 .00 3125 . • I 2045 250 .00 .00 .00 11910.
0820 101 .00 .00 .00 3185 . * I 2050 251 .00 .00 .00 11911.
0825 102 .00 .00 .00 3245 . • 1 2055 252 .00 .00 .00 11911.
0830 103 .00 .00 .00 3305 . • I 2100 253 .00 .00 .00 11910.
0835 104 .00 .00 .00 3366 . • 1 2105 254 .00 .00 .00 11909.
0840 105 .00 .00 .00 3426 . • 1 2110 255 .00 .00 .00 11907.
0845 106 .00 .00 .00 3490 . • 1 2115 256 .00 .00 ,00 11905.
0850 107 .00 .00 .00 3557 . • I 2120 257 .00 .00 .00 11902.
0855 108 .00 .00 .00 3626. • I 2125 258 .00 .00 .00 11899.
0900 109 .00 .00 .00 3696 . • I 2130 259 .00 .00 .00 11895.
0905 1)0 .00 .00 .00 3768 . • I 2135 260 .00 .00 .00 11892.
0910 111 .00 .00 .00 3841 . • I 2140 261 .00 .00 .00 11888.
0915 112 .00 .00 .00 3915 . • I 2145 262 .00 .00 .00 11883.
0920 113 .00 .00 .00 3989. • 1 2150 263 .00 .00 ,00 11878.
0925 114 .00 .00 .00 4065 . • 1 2155 264 .00 .00 .00 11873.
0930 115 .00 .00 .00 4141 . • I 2200 265 ,00 .00 .00 11868,
0935 116 .00 .00 .00 4218 . • 1 2205 266 .00 .00 .00 11863.
0940 117 .00 .00 .00 4296 . • 1 2210 267 .00 .00 .00 11858.
0945 118 .00 .00 .00 4374 . • 1 2215 268 .00 .00 .00 11853.
0950 119 .00 .00 .00 4453 . • I 2220 269 .00 .00 .00 11848.
0955 120 .00 .00 .00 4533 . • 1 2225 270 .00 .00 .00 11843.
1000 121 .00 .00 .00 4613 . • 1 2230 271 .00 .00 .00 1 1838.
1005 122 .00 .00 .00 4692 . • 1 2235 272 .00 .00 .00 1 1832,
1010 123 .00 .00 .00 4772 . • 1 2240 273 .00 .00 .00 11824.
1015 124 .00 .00 .00 4852 . • 1 2245 274 .00 .00 .00 11810.
1020 125 ,00 .00 .00 4932 . • I 2250 275 .00 .00 .00 11794.
1025 126 .00 .00 .00 5012. • 1 2255 276 .00 .00 .00 1 1776.
1030 127 .00 .00 .00 5092 . • I 2300 277 .00 .00 .00 11757.
1035 128 .00 .00 .00 5173 . • 1 2305 278 .00 .00 .00 11736 .
1040 129 .00 .00 .00 5253. • 1 2310 279 .00 .00 .00 11714 .
1045 130 ,00 .00 .00 5336. • 1 2315 280 .00 .00 .00 11690 .
1050 131 .00 .00 .00 5421. • 1 2320 281 .00 ,00 .00 11666 .
1055 132 .00 .00 .00 5508 . • 1 2325 282 .00 .00 .00 11641.
1100 133 .00 .00 .00 5596 . • 1 2330 283 .00 .00 .00 11615.
1105 134 .00 .00 .00 5685 . • I 2335 284 .00 .00 .00 11588 .
1110 135 00 .00 .00 5775 . • I 2340 285 .00 .00 .00 11560.
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1115 136 .00 .00 .00 5865. 1 2345 286 .00 .00 .00 11531,
1120 137 .00 .00 .00 5956. 1 2350 287 .00 .00 .00 11502.
1125 138 .00 .00 .00 6048. I 2355 288 .00 .00 .00 11472,
1130 139 .00 .00 .00 6140. 2 0000 289 .00 .00 .00 11442.
1135 140 .00 .00 .00 6233. 2 0005 290 .00 .00 .00 11412.
1140 141 .00 .00 .00 6326. 2 0010 291 .00 .00 .00 11382.
1145 142 .00 .00 .00 6420. 2 0015 292 .00 .00 .00 11352.
1150 143 .00 .00 .00 6514. 2 0020 293 .00 .00 .00 11322.
1155 144 .00 .00 .00 6609. 2 0025 294 .00 .00 .00 11292.
1200 145 .00 .00 .00 6704. 2 0030 295 .00 .00 .00 11262.
1205 146 .00 .00 .00 6799. 2 0035 296 .00 .00 .00 11232.
1210 147 .00 .00 .00 6894. 2 0040 297 .00 .00 .00 11201.
1215 148 .00 .00 .00 6989. 2 0045 298 .00 .00 .00 11169.
1220 149 .00 .00 .00 7083. 2 0050 299 .00 .00 .00 1 II3 7 .
1225 150 .00 .00 .00 7178. 2 0055 300 .00 .00 .00 11105.
T O T A L  R A IN FA L L  =  5 .82 . T O T A L  L O S S -  3 .68 , T O T A L  E X C E SS -  2 .14
P E A K  FL O W  T IM E  M A X IM U M  A V E R A G E  FL O W
6-H R  24 -H R  72-H R  24 .92 -H R
+ (C FS ) (MR)
(C FS)
+  11911. 20.83 11780. 6855 . 6603 . 6603.
(IN C H E S ) .852 1.984 1.984 1.984
(A C -F T ) 5841. 13597. 13597. 13597.
C U M U L A T IV E  A R E A  =  128.50 SQ  M I
PE A K  FL O W  A N D  ST A G E  (E N D -O F -P E R IO D ) SU M M A R Y  F O R  M U L T IP L E  PL A N -R A T IO  E C O N O M IC  C O M PU T A T IO N S 
FL O W S IN  C U B IC  FE E T  P E R  SE C O N D . A R E A  IN  S Q U A R E  M IL E S 
T IM E  T O  P E A K  IN  H O U R S
R A T IO S  A P P L IE D  T O  P R E C IPIT A T IO N  
O P E R A T IO N  ST A T IO N  A R E A  P L A N  R A T IO  I 
LOO
H Y D R O G R A P H  A T
+ Aug-1 128.50 1 FL O W  11911.
T IM E  20.83
* N O R M A L  EN D  O F HEC-1 '
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F L O O D  H Y D R O G R A P H  PA C K A G E  (H E C -1) 
F E B R U A R Y  1981 •
R E V IS E D  02  A U G  88 •
R U N  D A T E  09 /22 /1998  T IM E  18:05:39 *
•  U . S. A R M Y  C O R P S OF E N G IN E E R S 
•  T H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  *
• 609  S E C O N D  S T R E E T  •
D A V IS . C A L IF O R N IA  9 5 616  *
* (916 ) 551-1748  *
X X XXXXXXX x x x x x X
X X X  X X XX
X X X  X X
XXXXXXX XXXX X x x x x x  X
X X X  X X
X X X  X X X
X X XXXXXXX XXXXX XXX
T H IS  P R O G R A M  R E PL A C E S A L L  P R E V IO U S V E R SIO N S O F HEC-1 K N O W N  A S  H E C I (JA N  73). H E C IG S . IIE C ID D . A N D  
H E C IK W .
T H E  D E FIN IT IO N S O F  V A R IA B L E S  -R T IM P - A N D  -R T IO R - H A V E  C H A N G E D  F R O M  T H O S E  U SED  W IT H  T H E  1973-ST Y L E  
IN P U T  S T R U C T U R E .
T H E  D E F IN IT IO N  O F  -A M SK K - O N  R M -C A R D  W A S C H A N G E D  W IT H  R E V IS IO N S  D A T E D  28 SEP 81. T H IS  IS T H E  F O R T R A N ??  
V E R SIO N
N E W  O P T IO N S: D A M B R E A K  O U T F L O W  S U B M E R G E N C E . S IN G L E  E V E N T  D A M A G E  C A L C U L A T IO N . D S S:W R IT E  STA G E 
FR E Q U E N C Y ,
D S S :R E A D  T IM E  SE R IE S A T  D E S IR E D  C A L C U L A T IO N  IN T E R V A L  L O S S  R A T E :G R E E N  A N D  A M PT  IN F ILT R A T IO N  
K IN E M A T IC  W A V E : N E W  F IN IT E  D IF FE R E N C E  A L G O R IT H M
LIN E
H E C-1 IN PU T  
 3 ...... 4 ....... 5...





























ID %%  G IN  G A N G A  B A S IN  % %
ID %%  A rp thorpe  E sta te  R ainfall G aug ing  S tation
F or la  = 0 .05S  % %
W A T E R S H E D  A N A L Y SIS  
T ype 1 .2 4 -h o u r d istribu tion  % %  
5 -year re tu rn  period  . %%
%%
ID  % %
ID % %  % %
ID %%
ID  % %
ID % %
ID % %  %%
ID  % %  % %
ID  %%%%%%%%%%%%%%%%%%%%%%%%%%%^. 
ID
•D IA G R A M
IT  5 0 0  300
10 2 0 0
IN 5 0  0
JR  PR E C  1.00
K K  A rp-1
K M  B a sin ru n o ff  using  A rp tho rpe  rainfall gaug ing  s ta tion
K M  B A SIN  Arp-1
K M  A rea  -  263.0  M i!es'’ 2
K M  C N =  70.50
K M  T c  =38 .73  hours
K M
B A  263.0  
PB  5.94
PC  0 .000  0 .018  0 0 3 5  0,056 0 .076  O.IOl 0 .125  0 .156  0 .194  0 .254
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28 P C  0 .515 0 .624 0 .682  0 .727  0 .767  0 .799 0 .830  0 .854  0 .878  0 .902
29 P C  0 .926  0 .945 0 .963 0 .982  1.000
30 L S  0.21 70.50
31 U D  23.19
32 Z Z
1
S C H E M A T IC  D IA G R A M  O F  S T R E A M  N E T W O R K
IN P U T
L IN E  (V ) R O U T IN G  (— >) D IV E R S IO N  O R  PU M P F L O W  
N O . (.) C O N N E C T O R  ( < - - )  R E T U R N  O F D IV E R T E D  O R  P U M P E D  FL O W  
18 Arp-1
( • • • )  R U N O F F  A L S O  C O M l’U T E D  A T  T H IS  L O C A T IO N  
I* '  ......... ......................... ..
F L O O D  H Y D R O G R A P H  PA C K A G E  (H E C -1) • 
F E B R U A R Y  1981 •
R E V IS E D  02  A U G  88 '
R U N  D A T E  09 /22 /1998  T IM E  18:05:39 *
•  U .S . A R M Y  C O R P S O F E N G IN E E R S  
•  T H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  *
•  609  S E C O N D  S T R E E T  *
D A V IS . C A L IF O R N IA  95616
•  (9 16 ) 551-1748  •
% %  G IN  G A N G A  B A S IN  %%
%%  /V p lho rpe  E state  R ainfall G auging S tation 
%%  For la  = 0 .05S %%
% %  W A T E R S H E D  A N A L Y SIS  %% 
% %  T ype  1. 24-hou r d istribu tion  %%




15 1 0  O U T P U T  C O N T R O L  V A R IA B L E S
IP R N T  2 P R IN T  C O N TR O L
IPL O T  0 PL O T  C O N T R O L
Q S C A L  0. H Y D R0G RA 1>H  PL O T  SC A LE
IT  H Y D R O G R A P H  T IM E  D A TA
N M IN  5 M IN U T E S IN C O M PU T A T IO N  IN T E R V A L  
ID A TE  1 0 ST A R T IN G  D A TE 
IT IM E  0000  ST A R T IN G  T IM E
N Q  300 N U M B E R  O F H Y D R O G R A PH  O R D IN A T E S
N D D A T E  2 0  E N D IN G  D A TE
N D T IM E  0055 E N D IN G  T IM E
IC E N T  19 C E N T U R Y  M A R K
C O M P U T A T IO N  IN T E R V A L  .08  H O U R S 
T O T A L  T IM E  B A SE  24.92 H O U R S
E N G L ISH  U N IT S
D R A IN A G E  A R E A  SQ U A R E  M IL E S 
PR E C IP IT A T IO N  D EPTH  INCH ES 
L E N G T H , E LE V A TIO N  FEET 
F L O W  C U B IC  FE E T  PER SE C O N D
S T O R A G E  V O L U M E  A C R E -FE E T  
S U R F A C E  A R E A  A C R E S 
T E M P E R A T U R E  D E G R E E S F A H R E N H E IT
J P  M U L T I-P L A N  O PTIO N
N P L A N  1 N U M B E R  OF PLA N S
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Gauging Station
M U L T I-R A T IO  O P TIO N  
R A T IO S  O F  PR E C IPIT A T IO N
1.00
Arp-1 •
B asin n in o fT u sin g  A rp tho rpe  rainfall gaug ing  s ta tion  
B A S IN  A rp -)
A re a  =  2 6 3 .0  M iles ''2  
C N =  70 .50  
T c  =38 .73  hours
16 IN  T IM E  D A T A  F O R  IN P U T  T IM E  SE R IE S
JX M IN  5 T IM E  IN T E R V A I. IN  M IN U T E S
JX D A T E  I 0 S T A R T IN G  D A TE  
JX T IM E  0 S T A R T IN G  T IM E
S U B B A S IN  R U N O F F  D A TA
25 B A  S U B B A S IN  C H A R A C T E R IS T IC S
T A R E A  2 63 .00  SU B B A S IN  A R E A
P R E C IP IT A T IO N  D A TA
26 PB  S T O R M  5.94 B A S IN  T O T A L  PR E C IPIT A T IO N
27 P I IN C R E M E N T /V L  PR E C IPIT A T IO N  PA TT E R N
.02 .02 .02 .02 .03 .02 .03 .04 .06 .26
.11 .06 .05 .04 .03 .03 .02 .02 .02 .02
.02 .02 .02 .02
30 L S s e s  L O S S  R A T E
S T R T L  .21 IN IT IA L  A B S T R A C T IO N  
C R V N B R  70 .50  C U R V E  N U M B E R  
R T IM P  .00 P E R C E N T  IM P E R V IO U S A R E A
31 U D  s e s  D IM E N S IO N L E S S  U N IT G R A PH
T L A G  2 3 .1 9  L A G
• W A R N IN G  • • •  U N IT  H Y D R O G R A P H  T R U N C A T E D  F R O M l 393  T O  3 0 0  IN T E R V A L S
• W A R N IN G  • • •  V O L U M E  U N D E R  U N IT  G R A PH  =  .43
O R D IN A T E S  O F  U N IT  G R A P H  W E R E  IN C R E A S E D  T O  O B T A IN  1.0 IN C H E  O F R U N O FF . 
T O  P R E V E N T  T H IS . IN C R E A S E  T H E  C O M P U T A T IO N  IN T E R V A L  O N  T H E  "IT" R E C O R D ,
U N IT  H Y D R O G R A i'H  
300 E N D -O F-PE R IO D  O R D IN A T E S 
V O L U M E  = 1.00
14. 27 . 4 1 . 54, 68. 82. 95. 109. 122. 136.
150. 163. 177. 191 204, 218. 231. 245 . 259 . 272.
286 . 29 9 . 313 . 327. 340 . 354 . 367. 383 . 41 5 . 447 .
479 . 51 0 . 5 42 . 574. 6 06 . 6 37 . 669. 701 . 733 . 764.
796 . 82 8 . 860 . 891, 923 . 955. 987 . 1018, 1050. 1082.
1114. 1146. 1177. 1209. 1241. 1275. 1316. 1356. 1397. 1438
1479. 1520. 1561. 1601. 1642. 1683, 1724. 1765. 1806. 1846
1887. 1928. 1969, 2010, 2051 . 2091 . 2 1 3 2 . 2173 . 2214 . 2255
2296 . 23 3 6 . 2377 , 2423. 2478. 2532 . 2 5 8 6 . 2641 . 2695 . 2750
2804 . 28 5 9 . 2913 . 2968. 3022 . 3076. 3 1 3 1 . 3185 . 3240 . 3294
3349 . 34 0 3 . 3457 . 3512, 3566 . 3621 . 3675 . 3730 . 3784 . 3839
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6601. 6687. 6773. 6859.
7463. 7549. 7635. 7721.
8325. 8401. 8473. 8546.
9054. 9127. 9199. 9272.
9780. 9853. 9925. 9998.
10464. 10514. 10564. 10614.
10963. 11013. 11063. 11113.
11462. 11512. 11562. 11612.
1 1871. 1 1898. 11925. 1 1953.
12143. 12170. 12198. 12225.
12415. 12443. 12470. 12497.
12549. 12554. 12558. 12563.
12595. 12599. 12604. 12608.
12640. 12645. 12647. 12643.
12611. 12606. 12602. 12597.
12565. 12561. 12556. 12552.
H Y D R O G R A P H  A T  ST A T IO N  A rp -1
• • • • • • • • « • • • • « • • • • • • • « • « a
D A  M O N  H R M N  O R D  R A IN  L O SS E X C E SS C O M P Q D A  M O N  H R M N  O R D  R ,\1N  L O SS E X C E SS C O M P Q
0000 1 .00 .00 ,00 0.
0005 2 .11 .11 ,00 0.
0010 3 .10 .10 .00 0.
0015 4 .12 .12 .00 0.
0020 5 .12 .11 .01 0.
0025 6 .15 .13 .02 1.
0030 7 .14 .12 .03 1.
0035 8 .18 .14 .04 3.
0040 9 .23 .16 .07 5.
0045 10 ,36 .22 .13 9.
0050 11 1.55 .70 .85 25.
0055 12 .65 .21 .44 47.
0100 13 .34 .10 .25 72.
0105 14 .27 .07 .20 100.
0110 15 ,24 .06 .18 130.
0115 16 .19 .04 .15 162.
0120 17 .18 .04 .14 196.
0125 18 .14 .03 .11 231.
0130 19 .14 .03 .11 269.
0135 20 .14 .03 .11 307.
0140 21 ,14 .03 .11 347.
0145 22 ,11 .02 .09 389.
0150 23 .11 .02 .09 431.
0155 24 .11 .02 .09 475.
0200 25 .11 ,02 .09 520.
0205 26 .00 ,00 ,00 566.
0210 27 .00 ,00 .00 611.
0215 28 ,00 .00 .00 656.
0220 29 ,00 .00 .00 701.
0225 30 ,00 .00 .00 746.
0230 31 .00 ,00 .00 791.
0235 32 .00 ,00 .00 836.
0240 33 .00 .00 .00 881.
0245 34 .00 ,00 .00 927.
0250 35 .00 ,00 .00 973.
0255 36 .00 ,00 .00 1021.
0300 37 .00 00 .00 1069.
0305 38 .00 .00 .00 1122.
0310 39 .00 .00 .00 1189.
1230 151 .00 .00 .00 19282,
1235 152 .00 .00 .00 19546.
1240 153 .00 .00 .00 19813.
1245 154 .00 .00 .00 20082,
1250 155 .00 .00 .00 20354 .
1255 156 ,00 .00 .00 20628.
1300 :157 ,00 .00 .00 20903 .
1305 :158 .00 .00 .00 21180.
1310 ;159 .00 .00 .00 21458.
1315 160 .00 ,00 .00 21738 .
1320 161 .00 .00 .00 22020.
1325 162 .00 .00 .00 22302.
1330 163 .00 .00 .00 22586.
1335 164 .00 .00 .00 22871 .
1340 165 .00 .00 .00 23157 .
1345 166 .00 .00 .00 23442.
1350 167 .00 .00 .00 23728.
1355 168 .00 .00 ,00 24013.
1400 169 .00 .00 .00 24299.
1405 170 .00 .00 .00 24584.
1410 171 .00 ,00 .00 24869.
1415 172 .00 .00 .00 25155.
1420 173 .00 .00 .00 25440.
1425 174 .00 .00 .00 25725.
1430 175 .00 .00 .00 26009.
1435 176 .00 .00 .00 26292.
1440 177 .00 ,00 .00 26574 .
1445 178 .00 .00 .00 26847.
1450 179 ,00 .00 ,00 27112.
1455 180 .00 .00 .00 27374.
1500 181 .00 .00 ,00 27632.
1505 182 .00 .00 .00 27888 .
1510 183 ,00 .00 .00 28142.
1515 184 ,00 .00 .00 28394.
1520 185 .00 .00 .00 28644.
1525 186 .00 ,00 ,00 28893.
1530 187 .00 .00 .00 29140.
1535 188 .00 .00 .00 29386 .
1540 189 ,00 ,00 .00 29630 .
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0315 40 .00 .00 .00 1263. • 1 1545 190 .00 .00 .00 29873.
0320 41 .00 .00 .00 1342. • 1 1550 191 .00 .00 .00 30115.
0325 42 .00 .00 .00 1424. • 1 1555 192 .00 .00 .00 30356.
0330 43 .00 .00 .00 1510. • 1 1600 193 .00 .00 .00 30596.
0335 44 .00 .00 .00 1598. • 1 1605 194 .00 .00 .00 30837.
0340 45 .00 .00 .00 1689. • I 1610 195 .00 .00 .00 31077.
0345 46 .00 .00 .00 1782. • 1 1615 196 .00 .00 .00 31318.
0350 47 .00 ,00 .00 1876. * 1 1620 197 .00 .00 .00 31558.
0355 48 .00 .00 .00 1973. • 1 1625 198 .00 .00 .00 31798.
0400 49 .00 .00 .00 20 7 2 . • 1 1630 199 .00 .00 .00 32039.
0405 50 .00 .00 .00 21 7 3 . • 1 1635 200 .00 .00 .00 32279.
0410 51 .00 .00 .00 22 7 5 . • 1 1640 201 .00 .00 ,00 32519.
0415 52 .00 .00 .00 23 7 9 . • 1 1645 202 .00 .00 .00 32758.
0420 53 .00 .00 .00 24 8 4 . • 1 1650 203 .00 .00 .00 32996.
0425 54 .00 .00 .00 25 8 9 . * 1 1655 204 .00 .00 ,00 33232.
0430 55 .00 .00 .00 2694 . • 1 1700 205 ,00 .00 ,00 33466.
0435 56 .00 .00 .00 2799 . • 1 1705 206 .00 .00 .00 33683.
0440 57 .00 .00 .00 29 0 4 . • 1 1710 207 .00 .00 .00 33889.
0445 58 .00 .00 .00 3 0 10 . • I I 7 I5  20 8 .00 .00 .00 34089.
0450 59 .00 .00 .00 3115 . • I 1720 209 .00 .00 .00 34284.
0455 60 .00 .00 .00 3 2 20 . * 1 1725 210 .00 .00 .00 34474.
0500 61 .00 .00 .00 3325 . • 1 1730 211 .00 .00 .00 34662.
0505 62 .00 .00 .00 3431 . • 1 1735 212 .00 .00 .00 34846.
0510 63 .00 .00 .00 3 5 37 . • 1 1740 213 .00 .00 .00 35027.
0515 64 .00 .00 .00 36 4 3 . • 1 1745 214 .00 .00 .00 35206.
0520 65 .00 .00 .00 37 50 . • 1 1750 215 .00 .00 .00 35383.
0525 66 .00 .00 .00 3860 . • I 1755 216 .00 .00 .00 35556.
0530 67 .00 .00 .00 3977 . • 1 1800 217 .00 ,00 .00 35728.
0535 68 .00 .00 .00 40 97 . • 1 1805 218 .00 ,00 .00 35898.
0540 69 .00 .00 .00 4219 . 1 1810 219 .00 .00 .00 36065.
0545 70 .00 .00 .00 4 3 43 . • 1 1815 220 .00 .00 .00 36231.
0550 71 .00 .00 .00 4 4 69 . • 1 1820 221 .00 ,00 .00 36396.
0555 72 .00 .00 .00 45 95 . • 1 1825 222 .00 .00 .00 36561.
0600 73 .00 .00 .00 4 7 2 4 . • 1 1830 223 .00 .00 .00 36726.
0605 74 .00 .00 .00 48 53 . • I 1835 224 .00 .00 .00 36892.
0610 75 .00 .00 .00 49 83 . • 1 1840 225 .00 .00 .00 37057.
0615 76 .00 .00 .00 5114 . • 1 1845 226 .00 .00 .00 37222.
0620 77 .00 .00 .00 5246 . • 1 1850 227 .00 .00 .00 37388.
0625 78 .00 .00 .00 5379 . • 1 1855 228 .00 .00 .00 37552.
0630 79 .00 .00 .00 5513 . • 1 1900 229 .00 .00 .00 37717.
0635 80 .00 .00 .00 5648 . • I 1905 230 .00 .00 .00 37881.
0640 81 .00 .00 .00 5783 . • 1 1910 231 .00 .00 .00 38044.
0645 82 .00 .00 .00 5918 . • 1 1915 232 .00 .00 .00 38205.
0650 83 .00 .00 .00 60 53 . • 1 1920 233 .00 .00 .00 38364.
0655 84 .00 .00 .00 6 1 89 . * 1 1925 234 .00 .00 .00 38503.
0700 85 .00 .00 .00 6 3 24 . • 1 1930 235 .00 .00 .00 38633.
0705 86 .00 .00 .00 64 59 . • 1 1935 236 .00 .00 .00 38756.
0710 87 .00 ,00 .00 65 94 . • 1 1940 237 .00 .00 ,00 38875.
0715 88 .00 .00 .00 6 7 30 . • 1 1945 238 ,00 .00 ,00 38991.
0720 89 .00 ,00 .00 6 8 65 . • 1 1950 239 .00 .00 ,00 39102.
0725 90 .00 .00 .00 7 0 01 . • 1 1955 240 .00 .00 ,00 39211.
0730 91 .00 ,00 .00 71 37 . • 1 2000  241 .00 .00 .00 39317.
0735 92 .00 ,00 .00 72 7 4 . • 1 2005 242 .00 .00 .00 39421.
0740 93 .00 .00 .00 7412 . • 1 2010  243 .00 .00 .00 39521.
0745 94 .00 .00 .00 7556 . • 1 2015 244 .00 ,00 .00 39620.
0750 95 .00 .00 .00 77 09 . • 1 2020  245 .00 ,00 .00 39716.
0755 96 .00 ,00 .00 7867 . • 1 2025 246 .00 .00 .00 39810.
0800 97 .00 ,00 .00 8028 . • 1 2030  247 .00 .00 .00 39903.
0805 98 .00 .00 .00 81 92 . • 1 2035  248 .00 .00 .00 39993.
0810 99 ,00 .00 .00 8358 . • 1 2040  249 ,00 .00 .00 40083.
0815 100 ,00 .00 .00 8526 . • 1 2045 250 .00 .00 .00 40173.
0820 101 ,00 .00 ,00 8696 . • 1 2050  251 .00 ,00 .00 40263.
0825 102 .00 .00 .00 88 6 8 . • I 2055 252 .00 .00 .00 40353.
0830 103 .00 .00 .00 90 4 1 . • 1 2100  253 .00 .00 .00 40443.
0835 104 .00 00 .00 92 1 5 . • 1 2105 254 .00 .00 .00 40534.
0840 105 ,00 ,00 .00 93 9 1 . • 1 2110 255 ,00 .00 .00 40624.
0845 106 .00 ,00 .00 9568 . • 1 2115 256 .00 ,00 .00 40713.
0850 107 .00 ,00 .00 97 4 6 . • 1 2120 257 ,00 .00 .00 40803.
0855 108 00 .00 .00 9 9 26 . • 1 2125  258 ,00 .00 .00 40891.
0900 109 ,00 .00 .00 10106. • 1 2130  259 00 ,00 .00 40979 .
0905 110 00 ,00 .00 10286. • 1 2135 260 .00 .00 .00 41065.
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111 .00 .00 .00 10467. * 1 2140 261 .00 .00 .00 41146.
1 0915 112 .00 .00 .00 10647. • 1 2145 262 .00 .00 .00 41209.
1 0920 113 .00 .00 .00 10827. • 1 2150 263 .00 .00 .00 41263.
I 0925 114 .00 .00 .00 11008. * 1 2155 264 .00 .00 .00 41311 .
1 0930 115 .00 .00 .00 11188. • 1 2200 265 .00 .00 .00 41354 .
1 0935 116 .00 .00 .00 11368. • I 2205 266 .00 .00 .00 41394 .
1 0940 117 .00 .00 .00 11549. • 1 2210 267 .00 .00 .00 41430 .
1 0945 118 .00 .00 .00 11730. • 1 2215 268 .00 .00 .00 41463 .
1 0950 119 .00 .00 .00 11912. * 1 2220 269 .00 .00 .00 41494.
1 0955 120 .00 .00 .00 12095. • 1 2225 270 .00 .00 .00 41522 .
1 1000 121 .00 .00 .00 12279. • 1 2230 271 .00 .00 .00 41548 .
1 1005 122 .00 .00 .00 12473. • 1 2235 272 .00 .00 .00 41571 .
1 1010 123 .00 .00 .00 12678. • 1 2240 273 .00 .00 .00 41591.
1 1015 124 .00 .00 .00 12889. • 1 2245 274 .00 .00 .00 41610.
1 1020 125 .00 .00 .00 13105. • 1 2250 275 .00 ,00 .00 41627 .
1 1025 126 .00 .00 .00 13324. • 1 2255 276 .00 .00 .00 41642.
I 1030 127 .00 .00 .00 13545. • 1 2300 277 .00 .00 .00 41657.
1 1035 128 .00 .00 .00 13770. • 1 2305 278 .00 .00 .00 41672.
1 1040 129 .00 .00 .00 13996. • 1 2310 279 .00 .00 .00 41687.
I 1045 130 .00 .00 .00 14225. • 1 2315 280 .00 ,00 .00 41702.
1 1050 131 .00 .00 .00 14456. • 1 2320 281 .00 .00 .00 41717.
1 1055 132 .00 .00 .00 14689. • 1 2325 282 .00 .00 .00 41732.
1 1100 133 .00 .00 .00 14923. • 1 2330 283 .00 .00 .00 41747.
1 1105 134 .00 .00 .00 15160. • 1 2335 284 .00 .00 .00 41762.
I 1110 135 .00 .00 .00 15398. • 1 2340 285 .00 .00 .00 41777.
1 1115 136 .00 .00 .00 15637. • 1 2345 286 .00 .00 .00 41791 .
1 1120 137 .00 .00 .00 15878. • 1 2350 287 .00 .00 .00 41805.
1 1125 138 .00 .00 .00 16118. • I 2355 288 .00 .00 .00 4 I 8 I 8 .
1 1130 139 .00 .00 .00 16358 . • 2 0000 289 .00 .00 .00 41829 ,
1 1135 140 .00 .00 .00 16599. • 2 0005 290 .00 .00 .00 41833 .
1 1140 141 .00 .00 .00 16839. • 2 0010 291 .00 .00 .00 41833.
1 1145 142 .00 .00 .00 17080. • 2 0015 292 .00 .00 .00 41831.
1 1150 143 .00 .00 .00 17320. 2 0020 293 .00 .00 .00 41827.
1 1155 144 .00 ,00 .00 17561. 2 0025 294 .00 .00 .00 41821.
I 1200 145 .00 .00 .00 17801. • 2 0030 295 .00 .00 .00 41815.
1 1205 146 .00 .00 .00 18042. • 2 0035 296 .00 .00 .00 41807.
1 1210 147 .00 .00 .00 18284. • 2 0040 297 .00 .00 .00 41798.
1 1215 148 .00 .00 .00 18526. • 2 0045 298 .00 .00 .00 41788 .
I 1220 149 .00 .00 .00 18770. • 2 0050 299 .00 .00 .00 41777 .
1 1225 150 .00 .00 .00 19022. • 2 0055 300 .00 .00 .00 41765 .
T O T A L  R A IN F A L L  =  5.94, T O T A L  L O S S  =  2 .6 3 , TO T A L  E X C E SS =  3.31
PE A K  FL O W  T IM E
6-H R
M A X IM U M  A V E R A G E  FL O W  
2 4 -H R  72-H R  24 .92-H R
(C F S ) (H R )
(C FS) 
4 1833 . 24.17 40697 . 21400 . 20613 . 20613.
(IN C H E S ) 1.439 3 .026  3 .026 3 .026
(A C -F O  20180, 42446 . 42446 . 42446,
C U M U L A T IV E  A R E A  =  263 .00  SQ M I
• W A R N IN G  • U N IT  H Y D R O G R A P H  T R U N C A T E D  FR O M  1393 T O  300  IN T E R V A L S
• W A R N IN G  V O L U M E  U N D E R  U N IT  G R A P H  = .43
O R D IN A T E S  O F U N IT  G R A PH  W E R E  IN C R E A S E D  T O  O B T A IN  1.0 IN C H E  O F  R U N O FF . 
T O  PR E V E N T  T H IS , IN C R E A S E  T H E  C O M PU T A T IO N  IN T E R V A L  O N  T H E  " IT ' R E C O R D .
H Y D R O G R A P H  A T  S T A T IO N  A tp -I 
P L A N  1. R A T IO  =  1.00
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table A3d: HEC-1 output for Gin Ganga Basin at Arpthorpe Estate Rainfall
Gauging Station
222
D A  M O N  H R M N  O R D  R A IN  L O SS E X C E SS C O M P  Q D A  M O N  H R M N  O R D  R A IN  L O S S  E X C E SS C O M I'Q
0000 .00 .00 .00 0. • 1 1230 151 .00 .00 .00 19282.
0005 2 .11 .11 .00 0 . • I 1235 152 .00 .00 .00 19546.
0010 3 .10 .10 .00 0 . • 1 1240 153 .00 .00 .00 19813.
0015 4 .12 .12 .00 0 . • 1 1245 154 .00 .00 .00 2 0082 .
0020 5 .12 .11 .01 0 . • 1 1250 155 .00 .00 .00 20354 .
0025 6 .15 .13 .02 1. • 1 1255 156 .00 .00 .00 20628 .
0030 7 .14 .12 .03 I. • 1 1300 157 .00 .00 .00 20903 .
0035 8 .18 .14 .04 3. • 1 1305 158 .00 .00 .00 21180 .
0040 9 .23 .16 .07 5. 1 1310 159 .00 .00 .00 21458 .
0045 10 .36 .22 .13 9. • 1 1315 160 .00 .00 .00 2 1738 .
0050 11 1.55 .70 .85 25. 1 1320 161 .00 .00 .00 22020.
0055 12 .65 .21 .44 47 . • 1 1325 162 .00 .00 .00 22302 ,
0100 13 .34 .10 .25 72. • I 1330 163 .00 .00 .00 22586 .
0105 14 .27 .07 .20 100. • 1 1335 164 .00 .00 .00 22871 .
0110 15 .24 .06 .18 130. • 1 1340 165 .00 .00 .00 23157 .
0115 16 .19 .04 .15 162. • 1 1345 166 .00 .00 .00 23442 .
0120 17 .18 .04 .14 196. • 1 1350 167 .00 .00 .00 23728 .
0125 18 .14 .03 .11 231 . • 1 1355 168 .00 .00 .00 24013 .
0130 19 .14 .03 .11 269 . • 1 1400 169 .00 .00 .00 24299 .
0135 20 .14 .03 .11 307 . • 1 1405 170 .00 .00 .00 24584 .
0140 21 .14 .03 .11 347 . • 1 1410 171 .00 .00 .00 24869 .
0145 22 .11 .02 .09 389 . • 1 1415 172 .00 .00 .00 25155 .
0150 23 .11 .02 .09 431 . • 1 1420 173 .00 .00 .00 25440 .
0155 24 .11 .02 .09 475. 1 1425 174 .00 .00 .00 25725 .
0200 25 .11 .02 .09 520. 1 1430 175 .00 .00 .00 26009 .
0205 26 .00 .00 .00 566. 1 1435 176 .00 .00 .00 26292.
0210 27 .00 .00 .00 611. 1 1440 177 .00 .00 .00 26574 .
0215 28 .00 .00 .00 656. 1 1445 178 .00 .00 .00 26847 .
0220 29 .00 .00 .00 701. • 1 1450 179 .00 .00 .00 27112 .
0225 30 .00 .00 .00 746. • 1 1455 180 .00 .00 .00 27374 .
0230 31 .00 .00 .00 791. 1 1500 181 .00 .00 .00 27632 .
0235 32 .00 .00 .00 836. • 1 1505 182 .00 .00 .00 27888.
0240 33 .00 .00 .00 881. • 1 1510 183 .00 .00 .00 28142,
0245 34 .00 .00 .00 927. 1 1515 184 .00 .00 .00 28394 ,
0250 35 .00 .00 .00 973 . • 1 1520 185 .00 .00 .00 28644 ,
0255 36 .00 .00 .00 1021. 1 1525 186 .00 .00 .00 28893 .
0300 37 .00 .00 .00 1069. I 1530 187 .00 .00 .00 29140 ,
0305 38 .00 .00 .00 1122. 1 1535 188 .00 .00 .00 29386 ,
0310 39 .00 .00 .00 1189. I 1540 189 .00 .00 .00 29630 .
0315 40 .00 .00 .00 1263. 1 1545 190 .00 .00 .00 29873 .
0320 41 .00 .00 .00 1342. 1 1550 191 .00 .00 .00 30115 .
0325 42 .00 .00 .00 1424. 1 1555 192 .00 .00 .00 30356 .
0330 43 .00 .00 .00 1510. 1 1600 193 .00 .00 .00 30596,
0335 44 .00 .00 .00 1598. 1 1605 194 .00 .00 .00 30837,
0340 45 .00 .00 .00 1689. 1 1610 195 .00 .00 .00 31077,
0345 46 .00 .00 .00 1782. • 1 1615 196 .00 .00 .00 31318 ,
0350 47 .00 .00 .00 1876, 1 1620 197 .00 .00 .00 31558 ,
0355 48 .00 .00 .00 1973. • 1 1625 198 .00 .00 .00 31798 .
0400 49 .00 .00 .00 2072. * 1 1630 199 .00 .00 .00 32039 ,
0405 50 .00 .00 .00 2173. 1 1635 200 .00 .00 .00 32279 .
0410 51 .00 .00 .00 2275. 1 1640 201 .00 .00 .00 32519 .
0415 52 .00 .00 .00 2379. • 1 1645 202 .00 .00 .00 32758 .
0420 53 .00 .00 .00 2484, • 1 1650 203 .00 .00 .00 32996,
0425 54 .00 .00 .00 2589. 1 1655 204 .00 .00 .00 33232,
0430 55 .00 .00 .00 2694 . • 1 1700 205 .00 .00 .00 33466.
0435 56 .00 .00 .00 2799. 1 1705 206 .00 .00 .00 33683 ,
0440 57 .00 .00 .00 2904. 1 1710 207 .00 .00 .00 33889 .
0445 58 .00 .00 .00 3010, 1 1715 208 .00 .00 .00 34089.
0450 59 .00 .00 .00 3115. I 1720 209 .00 .00 .00 34284,
0455 60 .00 .00 .00 3220. 1 1725 210 .00 .00 .00 34474 .
0500 61 .00 .00 .00 3325 1 1730 211 .00 .00 .00 34662
0505 62 .00 .00 .00 3431. 1 1735 212 .00 .00 .00 34846
0510 63 .00 .00 .00 3537. 1 1740 213 .00 .00 .00 35027,
0515 64 .00 .00 .00 3643. 1 1745 214 .00 .00 .00 35206,
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0520 65 .00 .00 .00 3750. * I 1750 215 .00 .00 .00 35383.
0525 66 .00 .00 .00 3860. • 1 1755 216 .00 .00 .00 35556.
0530 67 .00 .00 .00 3977. • 1 1800 217 .00 .00 .00 35728.
0535 68 .00 .00 .00 4097. • 1 1805 218 .00 .00 .00 35898.
0540 69 .00 .00 .00 4219, • 1 1810 219 .00 .00 .00 36065.
0545 70 .00 .00 .00 4343 . • 1 1815 220 .00 .00 .00 36231.
0550 71 .00 .00 .00 4469 . • 1 1820 221 .00 .00 .00 36396.
0555 72 .00 .00 .00 4595, • 1 1825 222 .00 .00 .00 36561.
0600 73 .00 .00 .00 4724 . • 1 1830 223 .00 .00 .00 36726.
0605 74 .00 .00 .00 4853 . • 1 1835 224 .00 .00 ,00 36892.
0610 75 .00 .00 .00 4983. 1 1840 225 .00 .00 .00 37057,
0615 76 .00 .00 .00 5114. • 1 1845 226 .00 .00 .00 37222.
0620 77 .00 .00 .00 5246. • 1 1850 227 .00 .00 .00 37388.
0625 78 .00 .00 .00 5379. • 1 1855 228 .00 .00 .00 37552.
0630 79 .00 .00 .00 5513. • 1 1900 229 .00 .00 .00 37717.
0635 80 .00 .00 .00 5648. 1 1905 230 .00 .00 .00 37881.
0640 81 .00 .00 .00 5783. • 1 1910 231 .00 .00 .00 38044.
0645 82 .00 .00 .00 5918. • 1 1915 232 .00 .00 .00 38205.
0650 83 .00 .00 .00 6053. • 1 1920 233 .00 .00 .00 38364.
0655 84 .00 .00 .00 6189. • 1 1925 234 .00 .00 .00 38503.
0700 85 .00 .00 .00 6324. • 1 1930 235 .00 .00 .00 38633.
0705 86 .00 .00 .00 6459. • 1 1935 236 .00 .00 .00 38756.
0710 87 .00 .00 .00 6594. • 1 1940 237 .00 .00 .00 38875.
0715 88 .00 .00 .00 6730. • 1 1945 238 .00 .00 .00 38991.
0720 89 .00 .00 .00 6865. • 1 1950 239 .00 .00 .00 39102.
0725 90 .00 .00 .00 7001. • 1 1955 240 .00 .00 .00 39211.
0730 91 .00 .00 .00 7137. • 1 2000  241 .00 .00 .00 39317.
0735 92 .00 .00 .00 7274. • 1 2005  242 .00 .00 .00 39421.
0740 93 .00 .00 .00 7412. • 1 2010  243 .00 .00 .00 39521,
0745 94 .00 .00 .00 7556. 1 2015  244 .00 .00 .00 39620,
0750 95 .00 .00 .00 7709. • 1 2020  245 .00 .00 .00 39716.
0755 96 .00 ,00 .00 7867, • 1 2025  246 .00 .00 .00 39810.
0800 97 .00 .00 .00 8028. • 1 2030  247 .00 .00 .00 39903.
0805 98 .00 .00 .00 8192, • 1 2035 248 .00 .00 .00 39993.
0810 99 .00 .00 .00 8358. 1 2040  249 .00 .00 .00 40083,
0815 100 .00 .00 .00 8526. • I 2045 250 .00 .00 .00 40173,
0820 101 .00 .00 .00 8696. • 1 2050  251 .00 .00 .00 40263.
0825 102 .00 .00 .00 8868. • 1 2055 252 .00 .00 .00 40353.
0830 103 .00 .00 .00 9041 . • 1 2100  253 .00 .00 .00 40443.
0835 104 .00 .00 .00 9215 . • 1 2105 254 .00 .00 .00 40534.
0840 105 .00 .00 .00 9391 . • 1 2110  255 .00 .00 .00 40624.
0845 106 .00 .00 .00 9568 . • I 2115 256 .00 .00 .00 40713.
0850 107 .00 .00 .00 9746 . • 1 2120  257 .00 .00 .00 40803.
0855 108 .00 .00 .00 9926 . • 1 2125  258 .00 .00 .00 40891.
0900 109 .00 .00 .00 10106. • 1 2130  259 .00 .00 .00 40979.
0905 110 .00 .00 .00 10286. • I 2135  260 .00 .00 .00 41065,
0910 111 .00 .00 .00 10467. I 2140  261 .00 .00 .00 41146.
0915 112 .00 .00 .00 10647. • 1 2145 262 .00 .00 .00 41209.
0920 113 .00 .00 .00 10827. • I 2150 263 .00 .00 .00 41263.
0925 114 .00 .00 .00 11008. • 1 2155 264 .00 .00 .00 41311.
0930 115 .00 .00 .00 11188. I 2200 265 .00 .00 ,00 41354,
0935 116 .00 .00 .00 11368, 1 2205 266 .00 .00 .00 41394,
0940 117 .00 .00 .00 11549, 1 2210  267 .00 .00 .00 41430.
0945 118 .00 .00 .00 11730, • 1 2215 268 .00 .00 .00 41463.
0950 119 .00 .00 ,00 11912, 1 2220  269 .00 .00 ,00 41494.
0955 120 .00 .00 .00 12095. 1 2225 270 .00 .00 ,00 41522.
1000 121 .00 .00 .00 12279, • 1 2230  271 .00 .00 ,00 41548,
1005 122 .00 .00 ,00 12473. • 1 2235 272 .00 .00 .00 41571,
1010 123 .00 .00 .00 12678. • 1 2240 273 .00 .00 .00 41591,
1015 124 .00 .00 .00 12889, • I 2245  274 .00 .00 .00 41610,
1020 125 .00 .00 .00 13105, • I 2250  275 .00 .00 .00 41627,
1025 126 .00 .00 .00 13324. 1 2255 276 .00 .00 .00 41642,
1030 127 .00 .00 .00 13545. • 1 2300 277 .00 .00 .00 4 )6 5 7 .
1035 128 .00 .00 ,00 13770. • 1 2305 278 .00 .00 .00 41672.
1040 129 .00 .00 .00 13996, • 1 2310  279 .00 .00 ,00 41687.
1045 130 .00 .00 .00 14225, • 1 2315 280 .00 .00 ,00 41702.
1050 131 .00 .00 ,00 14456, • 1 2320  281 .00 .00 .00 41717,
1055 132 .00 .00 .00 14689, * 1 2325 282 .00 .00 .00 41732,
1100 133 .00 .00 .00 14923, • I 2330 283 .00 .00 .00 41747.
1105 134 .00 .00 .00 15160, • 1 2335 284 .00 .00 .00 41762,
1110 135 .00 .00 .00 15398, 1 2340  285 .00 .00 .00 41777.
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136 .00 .00 .00 15637. 1 2345 286 .00 .00 .00 41791.
I 1120 137 .00 .00 .00 15878. 1 2350 287 .00 .00 .00 41805.
1 1125 138 .00 .00 .00 16118. 1 2355 28 8 .00 .00 .00 41818.
1 1130 139 .00 .00 .00 16358. 2 0000 28 9 .00 .00 .00 41829.
1 1135 140 .00 .00 .00 16599. 2 0005 2 9 0 .00 .00 .00 41833.
1 1140 141 .00 .00 .00 16839. 2 0010 291 .00 .00 .00 41833.
1 1145 142 .00 .00 .00 17080. 2 0015 292 .00 .00 .00 41831.
1 1150 143 .00 .00 .00 17320. 2 0020 293 .00 .00 .00 41827.
1 1155 144 .00 .00 .00 17561. 2 0025 294 .00 .00 .00 41821.
1 1200 145 .00 .00 .00 17801. 2 0030 295 .00 .00 .00 41815.
1 1205 146 .00 .00 .00 18042. 2 0035 296 .00 .00 .00 41807.
1 1210 147 .00 .00 .00 18284. 2 0040 297 .00 .00 .00 41798.
1 1215 148 .00 .00 .00 18526. 2 0045 298 .00 .00 .00 41788.
1 1220 149 .00 .00 .00 18770. 2 0050 299 .00 .00 .00 41777.
1 1225 150 .00 .00 .00 19022. 2 0055 300 .00 .00 .00 41765.
T O T A L  R A IN F A L L  =  5 .94 , T O T A L  L O SS = 2 .63 . T O T A L  E X C E SS =  3.31
P E A K  F L O W  T IM E  M A X IM U M  A V E R A G E  F L O W
6 -H R  24 -H R  72-H R  24 .92-H R
+  (C F S ) (H R )
(C F S )
+  41833 . 24 .17 40697 . 2 1400 . 20613 . 20613.
(IN C H E S ) 1.439 3 .026  3 .026  3 .026
(A C -F T ) 20180 . 42446. 42446 . 42446.
C U M U L A T IV E  A R E A  =  263 .00  S Q  M I
P E A K  FL O W  A N D  ST A G E  (E N D -O F-PE R IO D ) S U M N U R Y  FO R  M U L T IP L E  PL A N -R A T IO  E C O N O M IC  C O M PU T A T IO N S 
FL O W S  IN C U B IC  F E E T  P E R  S E C O N D . A R E A  IN S Q U A R E  M ILES 
T IM E  T O  P E A K  IN H O U RS
R A T IO S A P P L IE D  T O  P R E C IPIT A T IO N  
O P E R A T IO N  S T A T IO N  A R E A  P L A N  R A T IO  1
1.00
H Y D R O G R A P H  A T
+  A rp-1 2 6 3 .0 0  1 FL O W  41833.
T IM E  24.17
• N O R M A L  E N D  O F  H EC-1 '
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Gauging Station.
FLOOD HYDROGRAPH PACKAGE (HEC-1) • • U.S. ARMY CORPS OF ENGINEERS
FEBRUARY 1981 • • THE HYDROLOGIC ENGINEERING CENTER •
REVISED 02 AUG 88 • •  609 SECOND STREET •
• • DAVIS, CALIFORNIA 95616 •
RUN DATE 09/22/1998 TIME 18:31:38 * * (916)551-1748 •
X X XXXXXXX XXXXX X
X X X  X X XX
X X X  X X
XXXXXXX XXXX X x x x x x  X
X X X  X X
X X X  X X X
X X XXXXXXX x x x x x XXX
T H IS  PR O G R A M  R E P L A C E S  A L L  P R E V IO U S  V E R S IO N S  O F HEC-1 K N O W N  A S H E C I (JA N  73). H E C IG S , H E C ID B . A N D  
H E C IK W .
T H E  D E F IN IT IO N S  O F  V A R IA B L E S  -R T IM P - A N D  -R T IO R - H A V E  C H A N G E D  F R O M  T H O S E  U S E D  W IT H  T H E  1973-ST Y L E  
IN P U T  ST R U C T U R E .
T H E  D E F IN IT IO N  O F  -A M S K K - O N  R M -C A R D  W A S C H A N G E D  W ITH  R E V IS IO N S  D A T E D  28  S E P  81. T H IS  IS  T H E  FO R TR A N 77 
V E R SIO N
N E W  O P T IO N S: D A M B R E A K  O U T F L O W  S U B M E R G E N C E . SIN G L E  E V E N T  D A M ,\G E  C A L C U L A T IO N , D S SiW R IT E  ST A G E  
FR E Q U E N C Y .
D S S :R E A D  T IM E  S E R IE S  A T  D E S IR E D  C A L C U L A T IO N  IN T E R V A L  L O SS R A T E :G R E E N  A N D  A M P T  IN F 1 L T R /\T I0 N  
K IN E M A T IC  W A V E : N E W  F IN IT E  D H -FE R E N C E  A L G O R IT H M
1 HEC-1 IN P U T  PA G E  I
L IblE  11J....... 1 .......2 .......3 .......4 ,... ...5 .......6 .......7  8 .......9 ......I0
I ID
3 ID  %%  G IN  G A N G A  B A S IN  % %
4 ID  % %  B addegnm a E state  R ainfa ll G auging  Station
5 ID  % %  F o r la  = 0 .05S  % %
6 ID  %%  W A T E R S H E D  A N A L Y S IS  % %
7 ID % “/o T ype  1 ,2 4 -h o u r d istribu tion  % %
8 ID  %% 5 -year re tu rn  p e rio d  % %
9  ID  %% %%
10 ID  % %  % %
I I  ID % %  % %
12 ID
13 ID 
•D IA G R A M
14 IT 5 0  0  300
15 10 2 0 0
16 IN 5 0 0
17 JR  PR E C  1.00
IS K K  Bad-1
19 K M  B asinusing  B a d d cg a m a  E state  rainfall
2 0  K M  B A S IN  Bad-1
21 K M  A re a  =  263 .0  M ilcs^2
22 K M  C N =  70.50
23 K M  T c  =38 .73  hours
24 K M
25 BA  263 .0
26  PB  8.26
27 PC  0 .0 0 0  0 .018  0 .035  0 .0 5 6  0 .076  O.IOI 0.125 0 .156  0 .194  0.254
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28 PC 0.515  0 .624  0 .682  0 .727  0 .767  0 .799  0 .8 3 0  0 .854  0 ,878  0.902
29  PC 0 .926  0 .945  0 .963  0 .982  1.000
30  LS 0.21 70.50
31 UD  23 .19
32  ZZ
1
S C H E M A T IC  D IA G R A M  O F  ST R E A M  N E T W O R K
IN P U T
L IN E  (V ) R O U T IN G (— > ) D IV E R S IO N  O R  P U M P  F L O W  
N O . ( .)  C O N N E C T O R  (< — ) R E T U R N  O F D IV E R T E D  O R  P U M PE D  FL O W
IS  Bad-1
{ • • • )  R U N O FF A L SO  C O M P U T E D  A T I H I S  L O C A T IO N
F L O O D  H Y D R O G R A PH  P A C K A G E  (H E C -1 ) * 
F E B R U A R Y  1981 •
R E V IS E D  02 A U G  88 •
R U N  D A T E  09/22 /1998  T IM E  18:31:38 •
•  U .S . A R M Y  C O R P S O F E N G IN E E R S 
•  T H E  H Y D R O L O G IC  E N G IN E E R IN G  C E N T E R  •
609  S E C O N D  ST R E ET  
D A V IS . C /V L IFO R N IA  95616  •
•  (916) 551-1748
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*!'<
%% G IN  G A N G A  B A S IN  %%
B addcgam a E state  R ainfa ll G au g in g  S tation 
For la  = 0 .05S  %%
W A T E R S H E D  A N A L Y S IS  
T ype I, 24 -hou r d istribu tion  %% 










15 10  O U T P U T  C O N T R O L  V A R IA B L E S 
IP R N T  2  P R IN T  C O N T R O L
IPL O T  0 P L O T  C O N T R O L
Q S C A L  0. H Y D R O G R A P H  P L O T  SC A L E
IT  H Y D R O G R A PH  T IM E  D A TA
N M IN  5 M IN U T E S IN  C O M P U T A T IO N  IN T E R V A L  
ID A T E  1 0  ST A R T IN G  D A TE  
IT IM E  0000  ST A R T IN G  T IM E
N Q  300  N U M B E R  O F  H Y D R O G R A P H  O R D IN A T E S
N D D A T E  2 0 E N D IN G  D A T E
N D T IM E  0055 E N D IN G  T IM E
IC E N T  19 C E N T U R Y  M A R K
C O M I'U T A T IO N  IN T E R V A L  .08 H O U R S 
T O T A L  T IM E  B A S E  24 .92  H O U R S
E N G L ISH  U N ITS
D R A IN A G E  A R E A  S Q U A R E  M IL E S 
PR E C IP IT A T IO N  D E PT H  IN C H ES 
L E N G T H . E L E V A T IO N  FE E T  
F L O W  C U B IC  FE E T  PE R  S E C O N D
S T O R A G E  V O L U M E  A C R E -FE E T  
SU R FA C E  A R E A  A C R E S
T E M P E R /\T U R E  D E G R E E S FA H R E N H E IT
J P  M U L T I-PL A N  O P T IO N
NPLA N  1 N U M B E R  O F  PL A N S
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M U LTI-R A TIO  OPTION 
RA TIO S O F  PREC IPITA TIO N
1.00
18 KK •  Bad-1
B asinusing B addcgam a Estate rainfall 
B A SIN  Bad-1 
A rea = 263 .0  M ilcs^2 
C N =  70.50 
Tc =38.73 hours
16 IN T IM E  D A T A  F O R  IN PU T TIM E SERIES
JX M IN  5 TIM E IN TERV A L IN  M INUTES 
JX D A T E  1 0  STA RTIN G  DATE 
JX T IM E  0  STA RTIN G  TIM E
SU B BA SIN  R U N O FF DATA
25 B A  SU B BA SIN  CH A R A C TER ISTIC S
TA R E A  263.00  SU BBA SIN  AREA
PREC IPITA TIO N  DATA
26 PB STO R M  8.26 BASIN TOTA L PRECIPITA TIO N
27 PI IN C R E M E N T A L  PRECIPITA TIO N  PA H  ERN
.02 .02 .02 .02 .03 .02 .03 .04 .06 .26
.11 .06 .05 .04 .03 .03 .02 .02 .02 .02
.02 .02 .02 .02
30 LS s e s  LO SS RA TE
STRTL .21 IN ITIA L ABSTRA CTIO N  
C R V N B R  70.50 C U RV E N U M BER 
R TIM P .00 PERC EN T IM PERVIOU S AREA
3 1 UD s e s  D IM EN SIO N LESS UNITGR/VPII
T L A G  23 .19  LAG
' W A RN IN G  * U N IT  H Y D RO G RA PH  TR U N C A TED  FRO M  1393 TO 300 IN TERV ALS
• W A RN IN G  • • •  V O L U M E U N D ER U N IT G R A PH  = .43
O R D IN A TES O F  U N IT G RAPH W ERE IN CREA SED  T O  O B TA IN  1.0 IN CHE O F RUNOFF. 
TO  PREV EN T TH IS. IN CREA SE THE CO M PU TA TIO N  IN TERV A L O N  IH E  "IT" RECO RD .
U N IT HY D RO G RA PH  
300 EN D -O F-PERIO D  ORDIN ATES 
V O LU M E = 1.00 
54. 68. 82. 95. 109. 122. 136.
191. 204. 218. 231. 245. 259. 272.
327. 340. 354. 367. 383. 415. 447.
574. 606. 637. 669. 701. 733. 764.












1209. 1241. 1275. 1316. 1356. 1397. 1438.
1601. 1642. 1683. 1724. 1765. 1806. 1846.
2010. 2051. 2091. 2132. 2173. 2214. 2255.
2423. 2478. 2532. 2586. 2641. 2695. 2750,
2968. 3022. 3076. 3131. 3185. 3240. 3294.
3512. 3566. 3621. 3675. 3730. 3784. 3839.
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HY D RO G RA PH  A T ST A T IO N  B a d -1
........................
D A  M O N  H R M N  ORD  RAIN LOSS EX CESS C O M P Q • DA M ON HRM N OB
I 0000 .00 .00 .00 0. • 1 1230 151 .00 .00 ,00 30944.
1 0005 2 .15 .15 .00 0. • 1 1235 152 .00 .00 .00 31368.
1 0010 3 .14 .14 .00 0. • I 1240 153 .00 .00 .00 31797.
1 0015 4 .17 .16 .01 0. • 1 1245 154 .00 .00 .00 32230.
1 0020 5 .17 .14 .02 1. • I 1250 155 ,00 .00 .00 32665.
I 0025 6 .21 .16 .04 2. • 1 1255 156 .00 ,00 .00 33104.
1 0030 7 .20 .14 .05 4. • 1 1300 157 .00 .00 .00 33546.
1 0035 8 .26 .17 .09 7. • 1 1305 158 .00 .00 .00 33989.
1 0040 9 .31 .19 .13 11. • 1 1310 159 .00 .00 .00 34435.
1 0045 10 .50 .26 .24 19. • 1 1315 160 .00 .00 .00 34884.
1 0050 11 2.16 .76 1.40 46. • 1320 161 .00 .00 .00 35334.
1 0055 12 .90 .21 .69 83. • 1 1325 162 .00 .00 .00 35787.
1 0100 13 .48 .10 .38 125. •  1 1330 163 .00 .00 .00 36241.
I 0105 14 .37 .07 .30 170. •  1 1335 164 .00 .00 .00 36696.
1 OHO 15 .33 .06 .27 220. •  1 1340 165 .00 .00 .00 37153.
1 0115 16 .26 -04 ,22 272. • 1 1345 166 ,00 .00 .00 37610.
1 0120 17 .26 .04 .22 328. • 1 1350 167 .00 ,00 .00 38066.
1 0125 18 .20 .03 .17 386. -  1 1355 168 .00 .00 .00 38523.
1 0130 19 .20 .03 .17 446. • 1 1400 169 .00 .00 ,00 38979.
1 0135 20 .20 .03 .17 508. • 1 1405 170 .00 .00 .00 39436.
1 0140 21 .20 .03 .17 573. •  1 1410 171 .00 .00 .00 39892,
I 0145 22 .16 .02 .14 640. •  1 1415 172 .00 ,00 .00 40349,
1 0150 23 .15 .02 .13 708. • 1 1420 173 .00 .00 .00 40804.
1 0155 24 .16 .02 .14 779. • 1 1425 174 .00 ,00 .00 41259.
1 0200 25 .15 .02 13 851. • 1 1430 175 .00 .00 .00 41713.
1 0205 26 .00 .00 .00 923. • 1 1435 176 .00 .00 .00 42165.
1 0210 27 .00 .00 .00 995. • 1 1440 177 .00 .00 .00 42615.
1 0215 28 .00 .00 .00 1067. •  1 1445 178 .00 .00 .00 43050,
! 0220 29 .00 .00 .00 1139, •  1 1450 179 .00 .00 .00 43472.
1 0225 30 .00 .00 ,00 1211. • 1 1455 180 .00 .00 .00 43888.
1 0230 31 .00 .00 .00 1283. •  1 1500 181 .00 .00 .00 44300.
I 0235 32 .00 .00 .00 1356. • 1 1505 182 .00 .00 .00 44708.
1 0240 33 .00 .00 .00 1429. • 1 1510 183 .00 .00 .00 45113.
1 0245 34 .00 .00 .00 1502. •  1 1515 184 .00 .00 .00 45515.
1 0250 35 .00 .00 00 1577. •  1 1520 185 .00 .00 .00 45915.
1 0255 36 .00 .00 .00 1653. •  1 1525 186 .00 ,00 .00 46312.
1 0300 37 .00 .00 .00 1732. • 1 1530 187 .00 ,00 .00 46706.
1 0305 38 .00 .00 00 1818. • 1 1535 188 .00 .00 .00 47099.
1 0310 39 .00 .00 .00 1928. • I 1540 189 .00 .00 .00 47489,
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table A3e; HEC-1 out-put for Gin Ganga Basin at Baddegama Estate Rainfall
Gauging Station.
229
0315 40 .00 .00 .00 2049. • I 1545 190 .00 .00 .00 47878.
0320 41 .00 .00 .00 2178. • 1 1550 191 .00 .00 .00 48265.
0325 42 .00 .00 .00 2311. • 1 1555 192 .00 .00 .00 4S650.
0330 43 .00 .00 .00 2450. • 1 1600 193 .00 .00 .00 49034.
0335 44 .00 .00 .00 2593. • I 1605 194 .00 .00 .00 49419.
0340 45 .00 .00 .00 2739. • I 1610 195 .00 .00 .00 49803.
0345 46 .00 .00 .00 2889. • 1 1615 196 .00 .00 .00 50188.
0350 47 .00 .00 .00 3041. • 1 1620 197 .00 .00 .00 50572.
0355 48 .00 .00 .00 3197. • 1 1625 198 .00 .00 .00 50957.
0400 49 .00 .00 .00 3356. • 1 1630 199 .00 .00 .00 51341.
0405 50 .00 .00 .00 3517. • 1 1635 200 .00 .00 .00 51725.
0410 51 .00 .00 .00 3681. • 1 1640 201 .00 .00 .00 52107.
0415 52 .00 .00 .00 3847. • 1 1645 202 ,00 .00 .00 52489.
0420 53 .00 .00 .00 4015. • I 1650 203 .00 .00 .00 52869.
0425 54 .00 .00 .00 4183. • 1 1655 204 .00 .00 .00 53246.
0430 55 .00 .00 .00 4352. • 1 1700 205 .00 .00 .00 53618.
0435 56 .00 .00 .00 4520. • 1 1705 206 .00 .00 .00 53962.
0440 57 .00 .00 .00 4688. * 1 1710 207 .00 .00 .00 54288.
0445 58 .00 .00 .00 4856. • 1 1715 208 .00 .00 .00 54604.
0450 59 .00 .00 .00 5025. • 1 1720 209 .00 .00 .00 54913.
0455 60 .00 .00 .00 5193. • 1 1725 210 .00 .00 .00 55216.
0500 61 .00 .00 .00 5362. • 1 1730 211 .00 .00 .00 55514.
0505 62 .00 .00 .00 5531. • I 1735 212 .00 .00 .00 55807.
0510 63 .00 .00 .00 5700. • 1 1740 213 .00 .00 .00 56095.
0515 64 .00 .00 .00 5871. • I 1745 214 .00 .00 .00 56380.
0520 65 .00 .00 .00 6043. • 1 1750 215 .00 .00 .00 56661.
0525 66 .00 .00 .00 6219. • 1 1755 216 .00 .00 .00 56938.
0530 67 .00 .00 .00 6407. • 1 1800 217 .00 .00 .00 57212.
0535 68 .00 .00 .00 6601. • 1 1805 218 .00 .00 .00 57483.
0540 69 .00 .00 .00 6797. • 1 1810 219 .00 .00 .00 57751.
0545 70 .00 .00 .00 6997. • 1 1815 220 .00 .00 .00 58015.
0550 71 .00 .00 .00 7198. • 1 1820 221 .00 .00 .00 58280.
0555 72 .00 .00 .00 7402. • 1 1825 222 .00 .00 .00 58544.
0600 73 .00 .00 .00 7608. • 1 1830 223 ,00 .00 .00 58808.
0605 74 .00 .00 .00 7815. 1 1835 224 ,00 .00 .00 59073.
0610 75 .00 .00 .00 8023. • 1 1840 225 .00 .00 .00 59337.
0615 76 .00 .00 .00 8234. • 1 1845 226 .00 .00 .00 59601.
0620 77 .00 .00 .00 8445. • 1 1850 227 .00 .00 .00 59865.
0625 78 .00 .00 .00 8658. • I 1855 228 .00 .00 .00 60129.
0630 79 .00 .00 .00 8872. * 1 1900 229 .00 .00 .00 60391.
0635 80 .00 .00 .00 9088. * I 1905 230 .00 .00 .00 60653.
0640 81 .00 .00 .00 9304. - 1 1910 231 .00 .00 .00 60912.
0645 82 .00 .00 .00 9520. • 1 1915 232 .00 .00 .00 61169.
0650 83 .00 .00 .00 9737. • 1 1920 233 .00 .00 .00 61420.
0655 84 .00 .00 .00 9953. • 1 1925 234 .00 .00 .00 61640.
0700 85 .00 .00 .00 10169. • 1 1930 235 .00 .00 .00 61844.
0705 86 .00 .00 .00 10386. • 1 1935 236 .00 .00 .00 62039.
0710 87 .00 .00 .00 10602. 1 1940 237 .00 .00 .00 62227.
0715 88 .00 .00 .00 10818. • I 1945 238 .00 .00 .00 62409.
0720 89 .00 .00 .00 11035. • 1 1950 239 .00 .00 .00 62586.
0725 90 .00 .00 .00 11253. • 1 1955 240 .00 .00 .00 62758.
0730 91 .00 .00 .00 11472, 1 2000 241 .00 .00 .00 62926.
0735 92 .00 .00 .00 11692. 1 2005 242 .00 .00 .00 63090.
0740 93 .00 .00 .00 11914. • 1 2010 243 .00 .00 .00 63251.
0745 94 .00 .00 .00 12145. • 1 2015 244 .00 .00 .00 63407.
0750 95 .00 .00 .00 12392. • 1 2020 245 .00 .00 .00 63560.
0755 96 .00 .00 .00 12646. • 1 2025 246 .00 .00 .00 63711.
0800 97 .00 .00 .00 12906. • 1 2030 247 .00 .00 .00 63858.
0805 98 .00 .00 .00 13169. • 1 2035 248 .00 .00 .00 64002.
0810 99 .00 .00 .00 13436. • 1 2040 249 .00 .00 .00 64146.
0815 100 .00 .00 .00 13706. • ! 2045 250 .00 .00 .00 64291.
0820 101 .00 .00 .00 13979. • 1 2050 251 .00 .00 .00 64435.
0825 102 .00 .00 .00 14254. 1 2055 252 .00 .00 .00 64579.
0830 103 .00 .00 .00 14531. • 1 2100 253 .00 .00 .00 64723.
0835 104 .00 .00 .00 14811. • 1 2105 254 .00 .00 .00 64867.
0840 105 .00 .00 .00 15092. • 1 2110 255 .00 .00 .00 65011.
0845 106 .00 .00 .00 15376. • 1 2115 256 .00 .00 .00 65154.
0850 107 .00 .00 .00 15661. • 1 2120 257 .00 .00 .00 65296.
0855 108 .00 .00 .00 15949. • 1 2125 258 .00 .00 .00 65437.
0900 109 .00 .00 .00 16237. • 1 2130 259 .00 .00 .00 65576.
0905 110 .00 .00 .00 16525. 1 2135 260 .00 .00 .00 65712,
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I l l  .00 .00 .00 16814. • 1 2140 261 .00 .00 .00 65840.
I 0915 112 .00 .00 .00 17102. • 1 2145 262 .00 .00 .00 65937.
1 0920 113 .00 .00 .00 17391. • I 2150 263 .00 .00 .00 66020.
1 0925 114 .00 .00 .00 17679. • 1 2155 264 .00 .00 .00 66094.
1 0930 115 .00 .00 .00 17967. • 1 2200 265 .00 .00 .00 66161.
1 0935 116 .00 .00 .00 18256. • 1 2205 266 .00 .00 .00 66222.
1 0940 117 .00 .00 .00 18546. * 1 2210 267 .00 .00 .00 66279.
1 0945 118 .00 .00 .00 18836. • 1 2215 268 .00 .00 .00 66330.
1 0950 119 .00 .00 .00 19128. • 1 2220 269 .00 .00 .00 66377.
1 0955 120 .00 .00 .00 19421. • 1 2225 270 .00 .00 .00 66421.
1 1000 121 .00 .00 .00 19718. • 1 2230 271 .00 .00 .00 66461.
1 1005 122 .00 ,00 .00 20029. * I 2235 272 .00 .00 .00 66496.
1 1010 123 .00 .00 .00 20360. 1 2240 273 .00 .00 .00 66529.
1 1015 124 .00 .00 .00 20700. 1 2245 274 .00 .00 .00 66559.
1 1020 125 .00 .00 .00 21047. • 1 2250 275 .00 .00 .00 66586.
I 1025 126 .00 .00 .00 21399. • 1 2255 276 .00 .00 .00 66610.
1 1030 127 .00 .00 .00 21755. • 1 2300 277 .00 .00 .00 66634.
1 1035 128 .00 .00 .00 22115. • 1 2305 278 .00 .00 .00 66658.
1 1040 129 .00 .00 .00 22479. • 1 2310 279 .00 .00 .00 66682.
1 1045 130 .00 .00 .00 22846. • 1 2315 280 .00 .00 .00 66706.
1 1050 131 .00 .00 .00 23216. • 1 2320 281 .00 .00 .00 66730.
1 1055 132 .00 .00 .00 23590. • 1 2325 282 .00 .00 .00 66754.
-1 1100 133 .00 .00 .00 23966. • I 2330 283 .00 .00 .00 66778.
1 1105 134 .00 .00 .00 24344. • 1 2335 284 .00 .00 .00 66801.
1 1110 135 .00 .00 .00 24725. • 1 2340 285 .00 .00 .00 66825.
1 1115 136 .00 .00 .00 25108. • 1 2345 286 .00 .00 .00 66847.
1 1120 137 .00 .00 .00 25493. • 1 2350 287 .00 .00 .00 66869.
1 1125 138 .00 .00 .00 25877. • I 2355 288 .00 .00 .00 66889.
1 1130 139 .00 .00 .00 26262. • 2 0000 289 .00 .00 .00 66905.
1 1135 140 .00 .00 .00 26646. • 2 0005 290 .00 .00 .00 66910.
1 1140 141 .00 .00 .00 27031. * 2 0010 291 .00 .00 .00 66909.
1 1145 142 .00 .00 .00 27415. • 2 0015 292 .00 .00 .00 66905.
1 1150 143 .00 .00 .00 27800. • 2 0020 293 .00 .00 .00 66898.
! 1155 144 .00 .00 .00 28185. * 2 0025 294 .00 .00 .00 66888.
1 1200 145 .00 .00 .00 28570. • 2 0030 295 .00 .00 .00 66877.
1 1205 146 .00 .00 .00 28956. • 2 0035 296 .00 .00 .00 66863.
1 1210 147 .00 .00 .00 29343. • 2 0040 297 .00 .00 .00 66849.
1 1215 148 .00 .00 .00 29732. • 2 0045 298 .00 .00 .00 66832.
1 1220 149 .00 .00 .00 30123. • 2 0050 299 .00 .00 .00 66814.
1 1225 150 .00 .00 ,00 30527. • 2 0055 300 .00 .00 .00 66795.
TO TA L RA IN FA LL =  8,26, TO T A L  LOSS = 2 .96 , T O T A L  EXCESS =  5.30
PEAK FLO W  TIM E 
6-
+ (C FS) (H R)
(CFS)
^  66910, 24.08
M AXIM UM  A V E R A G E  FLO W  
24-H R  72-H R 24 .92-H R
65115. 34286. 33025. 33025.
(INCHES) 2.302 4.848 4.848 4 ,848
(AC-FT) 32289. 68005. 68006. 68006,
CUM U LA TIV E A R EA  = 263.00 SQ M I
• W A RN IN G  * UNIT HY D RO G RA PH  T R U N C A T E D  FRO M  1393 TO 300 IN TERV ALS
' W A RN IN G  • • •  V OLUM E UND ER UN IT GR/VPH = .43
ORD IN A TES O F U N IT G RA PH  W ERE IN C R E A SE D  T O  O B TA IN  1.0 INCHE O F RUNOFF, 
TO  PREV ENT THIS, IN CREA SE TH E C O M PU T A T IO N  IN TERV A L ON THE " I T  RECO RD .
HY D RO G RA PH  A T STA TIO N  Bad-1 
PL A N  1, R A T IO ”  1.00
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DA M O N  H R M N  ORD  R A IN  LOSS EXCESS C O M P Q D A  M O N  HRM N ORD RA IN  LOSS EXCESS C O M P Q
0000 .00 .00 .00 0. • 1 1230 151 .00 .00 .00 30944.
0005 2 .15 .15 .00 0. • 1 1235 152 .00 .00 .00 31368.
0010 3 .14 .14 .00 0. • 1 1240 153 .00 .00 .00 31797.
0015 4 .17 .16 .01 0. • 1 1245 154 .00 .00 .00 32230.
0020 5 .17 .14 .02 1. • 1 1250 155 .00 .00 .00 32665.
0025 6 .21 .16 .04 2. • 1 1255 156 .00 .00 .00 33104.
0030 7 .20 .14 .05 4. • 1 1300 157 .00 .00 .00 33546.
0035 8 .26 .17 .09 7. • 1 1305 158 .00 .00 .00 33989.
0040 9 .31 .19 .13 11. 1 1310 159 .00 .00 .00 34435.
0045 10 .50 .26 .24 19. • 1 1315 160 .00 .00 .00 34884.
0050 11 2.16 .76 1.40 46. • 1 1320 161 .00 .00 .00 35334.
0055 12 .90 .21 .69 83. • 1 1325 162 .00 .00 .00 35787.
0100 13 .48 .10 .38 125. • 1 1330 163 .00 .00 .00 36241.
0105 14 .37 .07 .30 170. • 1 1335 164 .00 .00 .00 36696.
0110 15 .33 .06 .27 220. • 1 1340 165 .00 .00 .00 37153.
0115 16 .26 .04 .22 272. * 1 1345 166 .00 .00 .00 37610.
0120 17 .26 .04 .22 328. • 1 1350 167 .00 .00 .00 38066.
0125 18 .20 .03 .17 386. • 1 1355 168 .00 .00 .00 38523.
0130 19 .20 .03 .17 446. " I 1400 169 .00 .00 .00 38979.
0135 20 .20 .03 .17 508. • 1 1405 170 .00 .00 .00 39436.
0140 21 .20 .03 .17 573. 1 1410 171 .00 .00 .00 39892.
0145 22 .16 .02 .14 640. • 1 1415 172 .00 .00 .00 40349.
0150 23 .15 .02 .13 708. • 1 1420 173 .00 .00 .00 40804.
0155 24 .16 .02 .14 779. • 1 1425 174 .00 .00 .00 41259.
0200 25 .15 .02 .13 851. • 1 1430 175 .00 .00 .00 41713.
0205 26 .00 .00 .00 923. I 1435 176 .00 .00 .00 42165.
0210 27 .00 .00 .00 995. 1 1440 177 .00 .00 .00 42615.
0215 28 .00 .00 .00 1067. 1 1445 178 .00 .00 .00 43050.
0220 29 .00 .00 .00 1139. 1 1450 179 .00 .00 .00 43472.
0225 30 .00 .00 .00 1211. • 1 1455 180 .00 .00 .00 43888.
0230 31 .00 .00 .00 1283. • 1 1500 181 .00 .00 .00 44300.
0235 32 .00 .00 .00 1356. • 1 1505 182 .00 .00 .00 44708.
0240 33 .00 .00 .00 1429. • 1 1510 183 .00 .00 .00 45113.
0245 34 .00 .00 .00 1502. • I 1515 184 .00 .00 .00 45515.
0250 35 .00 .00 .00 1577. 1 1520 185 .00 .00 .00 45915.
0255 36 .00 .00 .00 1653. 1 1525 186 .00 .00 .00 46312.
0300 37 .00 .00 .00 1732. • 1 1530 187 .00 .00 .00 46706.
0305 38 .00 .00 .00 • 1818. • 1 1535 188 .00 .00 .00 47099.
0310 39 .00 .00 .00 1928. • I 1540 189 .00 .00 .00 47489.
0315 40 .00 .00 .00 2049. • 1 1545 190 .00 .00 .00 47878.
0320 41 .00 .00 .00 2178. 1 1550 191 .00 .00 .00 48265.
0325 42 .00 .00 .00 2311. 1 1555 192 .00 .00 .00 48650.
0330 43 .00 .00 .00 2450. 1 1600 193 .00 .00 .00 49034.
0335 44 .00 .00 .00 2593. i 1605 194 .00 .00 .00 49419.
0340 45 .00 .00 .00 2739. • 1 1610 195 .00 .00 .00 49803.
0345 46 .00 .00 .00 2889. 1 1615 196 .00 .00 .00 50188.
0350 47 .00 .00 .00 3041. • 1 1620 197 .00 .00 .00 50572.
0355 48 .00 .00 .00 3197. 1 1625 198 .00 .00 .00 50957.
0400 49 .00 .00 .00 3356. • I 1630 199 .00 .00 .00 51341.
0405 50 .00 .00 .00 3517. • I 1635 200 .00 .00 .00 51725.
0410 51 .00 .00 .00 3681. 1 1640 201 .00 .00 .00 52107.
0415 52 .00 .00 .00 3847. 1 1645 202 .00 .00 .00 52489.
0420 53 .00 .00 .00 4015. 1 1650 203 .00 .00 .00 52869.
0425 54 .00 .00 .00 4183. • 1 1655 204 .00 .00 .00 53246.
0430 55 .00 .00 .00 4352. • 1 1700 205 .00 .00 .00 53618.
0435 56 .00 .00 .00 4520. 1 1705 206 .00 .00 .00 53962.
0440 57 .00 .00 .00 4688. • 1 1710 207 .00 .00 .00 54288.
0445 58 .00 .00 .00 4856. 1 1715 208 .00 .00 .00 54604.
0450 59 .00 .00 .00 5025. 1 1720 209 .00 .00 .00 54913.
0455 60 .00 .00 .00 5193. * 1 1725 210 .00 .00 .00 55216.
0500 61 .00 .00 .00 5362. • 1 1730 211 .00 .00 .00 55514.
0505 62 .00 .00 .00 5531. 1 1735 212 .00 .00 .00 55807.
0510 63 .00 .00 .00 5700. 1 1740 213 .00 .00 .00 56095.
0515 64 .00 .00 .00 5871. * 1 1745 214 .00 .00 .00 56380.
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0520 65 .00 .00 .00 6043. • 1 1750 215 .00 .00 .00 56661.
0525 66 .00 .00 .00 6219 . • I 1755 216 .00 .00 .00 56938.
0530 67 .00 .00 .00 6407 . • 1 1800 217 .00 .00 .00 57212,
0535 68 .00 .00 .00 6601 . • 1 1805 218 .00 .00 .00 57483.
0540 69 .00 .00 .00 6797. • 1 1810 219 .00 .00 .00 57751.
0545 70 .00 .00 .00 6997. • I 1815 220 .00 .00 .00 58015.
0550 71 .00 .00 .00 7198. • 1 1820 221 .00 .00 .00 58280.
0555 72 .00 .00 .00 7402 . • 1 1825 222 .00 .00 .00 58544.
0600 73 .00 .00 .00 7608. • I 1830 223 .00 .00 .00 58808.
0605 74 .00 .00 .00 7815. • 1 1835 224 .00 .00 .00 59073.
0610 75 .00 .00 .00 8023. • 1 1840 225 .00 .00 .00 59337.
0615 76 .00 .00 .00 8234. • 1 1845 226 .00 .00 .00 59601.
0620 77 .00 .00 .00 8445. • 1 1850 227 .00 .00 .00 59865.
0625 78 .00 .00 .00 8658. 1 1855 228 .00 .00 .00 60129.
0630 79 .00 .00 .00 8872. • 1 1900 229 .00 .00 .00 60391.
0635 80 .00 .00 .00 9088. • 1 1905 230 .00 .00 .00 60653.
0640 81 .00 .00 .00 9304. • 1 1910 231 .00 .00 .00 60912.
0645 82 .00 ,00 .00 9520. • 1 1915 232 .00 .00 .00 61169.
0650 83 .00 .00 .00 9737. 1 1920 233 .00 .00 .00 61420.
0655 84 .00 .00 .00 9953. • I 1925 234 .00 .00 .00 61640.
0700 85 .00 .00 .00 10169. • 1 1930 235 .00 .00 .00 61844.
0705 86 .00 .00 .00 10386. • 1 1935 236 .00 .00 .00 62039.
0710 87 .00 .00 .00 10602. • 1 1940 237 .00 .00 .00 62227.
0715 88 .00 .00 .00 10818. • 1 1945 238 .00 .00 .00 62409.
0720 89 .00 .00 .00 11035. • 1 1950 239 .00 .00 .00 62586.
0725 90 .00 .00 .00 11253. • 1 1955 240 .00 .00 .00 62758.
0730 91 .00 .00 .00 11472. • 1 2000  241 .00 .00 .00 62926.
0735 92 .00 .00 .00 11692. • 1 2005 242 .00 .00 .00 63090.
0740 93 .00 .00 .00 11914. • 1 2010  243 .00 .00 .00 63251.
0745 94 .00 .00 .00 12145. • 1 2015 244 .00 .00 .00 63407.
0750 95 .00 .00 .00 12392. • 1 2020  245 .00 .00 .00 63560.
0755 96 .00 .00 .00 12646. • 1 2025 246 .00 .00 .00 63711.
0800 97 .00 .00 .00 12906. • 1 2030 247 .00 .00 .00 63858.
0805 98 .00 .00 .00 13169. • 1 2035 248 .00 .00 .00 64002.
0810 99 .00 .00 .00 13436. 1 2 040  249 .00 .00 .00 64146.
0815 100 .00 .00 .00 13706. • 1 2045 250 .00 .00 ,00 64291.
0820 101 .00 .00 .00 13979. • 1 2050 251 .00 .00 .00 64435.
0825 102 .00 .00 .00 14254. • 1 2055 252 .00 .00 ,00 64579.
0830 103 .00 .00 .00 I4 5 3 I . • 1 2100 253 .00 .00 .00 64723.
0835 104 .00 .00 .00 14811. * 1 2105 254 .00 .00 .00 64867.
0840 105 .00 .00 .00 15092. • 1 2110 255 .00 .00 .00 65011.
0845 106 .00 .00 .00 15376. • 1 2115 256 .00 .00 .00 65154.
0850 107 .00 .00 .00 15661. • 1 2120 257 .00 .00 .00 65296.
0855 108 .00 .00 .00 15949. • 1 2125 258 .00 .00 .00 65437.
0900 109 .00 .00 .00 16237. 1 2130 259 .00 .00 .00 65576.
0905 110 .00 .00 .00 16525. • I 2135 260 .00 .00 .00 65712.
0910 111 .00 .00 .00 16814. * 1 2140 261 .00 .00 .00 65840.
0915 112 .00 .00 .00 17102. 1 2145 262 .00 .00 .00 65937.
0920 113 .00 .00 .00 17391. • 1 2150 263 .00 .00 .00 66020.
0925 114 .00 .00 .00 17679. • 1 2155 264 .00 .00 .00 66094.
0930 115 .00 .00 .00 17967. • 1 2200 265 .00 .00 .00 66161.
0935 116 .00 .00 .00 18256. • I 2205 266 .00 .00 .00 66222.
0940 117 .00 .00 .00 18546. • 1 2210 267 .00 .00 ,00 66279.
0945 118 .00 .00 .00 18836. • I 2215 268 .00 .00 .00 66330.
0950 119 .00 .00 .00 19128. • 1 2220 269 .00 .00 .00 66377.
0955 120 .00 .00 .00 19421, • 1 2225 270 .00 .00 ,00 66421.
1000 121 .00 .00 .00 19718. • 1 2230 271 .00 .00 .00 66461.
1005 122 .00 .00 .00 20029. • 1 2235 272 .00 .00 ,00 66496.
1010 123 .00 .00 .00 20360. • I 2240 273 .00 .00 .00 66529.
1015 124 .00 .00 .00 20700. • I 2245 274 .00 .00 ,00 66559.
1020 125 .00 .00 .00 21047. • 1 2250 275 .00 .00 ,00 66586.
1025 126 .00 .00 .00 21399. • 1 2255 276 .00 .00 .00 66610.
1030 127 .00 .00 .00 21755. • 1 2300 277 .00 .00 ,00 66634.
1035 128 .00 .00 .00 22115. • 1 2305 278 .00 .00 ,00 66658.
1040 129 .00 .00 .00 22479. • I 2310 279 .00 .00 ,00 66682.
1045 130 .00 .00 .00 22846, • 1 2315 280 .00 .00 ,00 66706.
1050 131 .00 .00 .00 23216. • 1 2320 281 .00 .00 .00 66730.
1055 132 .00 .00 .00 23590, • 1 2325 282 .00 .00 00 66754.
1100 133 .00 .00 ,00 23966. 1 2330 283 .00 .00 ,00 66778.
1105 134 .00 .00 .00 24344. • I 2335 284 .00 .00 .00 66801.
1110 135 .00 .00 .00 24725, • 1 2340 285 .00 .00 .00 66825.
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Gauging
1 I I I 5
Station.
136 .00 .00 .00 25108. 1 2345 286 .00 .00 .00 66847.
1 1120 137 .00 .00 .00 25493. 1 2350 287 .00 .00 .00 66869.
1 1125 138 .00 .00 .00 25877. 1 2355 288 .00 .00 .00 66889.
1 1130 139 .00 .00 .00 26262. 2 0000 289 .00 .00 .00 66905.
1 1135 140 .00 .00 .00 26646. 2 0005 290 .00 .00 .00 66910.
I 1140 141 .00 .00 .00 27031. 2 0010 291 .00 .00 .00 66909.
1 1145 142 .00 .00 .00 27415. 2 0015 292 .00 .00 .00 66905.
1 1150 143 .00 .00 .00 27800. 2 0020 293 .00 .00 .00 66898.
1 1155 144 .00 .00 .00 28185. 2 0025 294 .00 .00 .00 66888.
1 1200 145 .00 .00 .00 28570. 2 0030 295 .00 .00 .00 66877.
1 1205 146 .00 .00 .00 28956. 2 0035 296 .00 .00 .00 66863.
1 1210 147 .00 .00 .00 29343, 2 0040 297 .00 .00 .00 66849.
1 1215 148 .00 .00 .00 29732. 2 0045 298 .00 .00 .00 66832.
1 1220 149 .00 .00 .00 30123. 2 0050 299 .00 .00 .00 66814.
1 1225 150 .00 .00 .00 30527. 2 0055 300 .00 .00 .00 66795.
TO T A L  R A IN FA LL = 8.26, TO TA L LOSS “  2 .96 , TO T A L  EXCESS = 5.30
PEA K  FL O W  TIM E M A X IM U M  A V E R A G E  FLO W
6-H R 24-H R 72-H R 24.92-H R
+  (C FS) (H R)
(CFS)
+ 66910. 24.08 65115. 34286. 33025. 33025.
(IN CH ES) 2.302 4.848 4.848 4.848
(A C-FT) 32289. 68005. 68006. 68006.
CU M U LA TIV E AREA -  263.00 SQ MI
PE A K  FLOW  A ND STAGE (EN D -O F-PER IO D ) SU M M A R Y  FO R  M ULTIPLE PLAN -RA TIO  ECONOM IC CO M PU TA TIO N S 
FLOW S IN CUBIC FEET PER SECO N D , A R EA  IN SQ U A RE MILES 
TIM E TO  PEA K  IN H O U RS
RATIO S A PPLIED  T O  PREC IPITA TIO N  
O PE R A T IO N  STATIO N AREA PLAN R A TIO  1 
1.00
H Y D R O G R A PH  A T
Bad-1 263,00 1 FLO W  66910.
T IM E  24.08
* N O R M A L  END O F HEC-1 '
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Table A 3f : A description o f the HEC-1 input cards
Input Card Description
ID Job title information. At least one ID record is required.
IT Time specification. The IT record is used to define time interval, starting date 
and time, and length o f hydrographs calculated by the program.
10 Output control. The 10 record is used to control output for the entire job.
IN Time interval for input data. The IN record is used to  define time interval and 
starting time for time series data which are read into the program on PC
records.
JR Multiratio. Required only if multiple ratios are desired for each plan.
KK Station computation identifier. The KK record must be repeated at the 
beginning o f  each station computation.
KM Message,
BA Subbasin area. Drainage area in square miles.
PB Basin average precipitation. Precipitation in inches.
PC Cumulative precipitation time series. PC records contain a cumulative 
precipitation distribution.
LS s e s  curve number loss rate. Field 1= I„, Field 2 = CN
UD s e s  dimesionless unit graph. Field 1= SCS, computed lag time in hours
ZZ End-of-job
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Time Vs Outflow
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Figure A3a ; HEC-1 outflow hydrograph results for Nilwala Ganga Basin at Mawarella Estate
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Figure A3b ; HEC-1 outflow hydrograph resuits for Nilwaia Ganga Basin at St.Augustine Estate
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 3 7
Time Vs Outflow
Initial abstraction of 0 .05S
Time (hr)





1  30000 -..
20000  -  -
10000  . . .
0 20 255 1510
Time Vs Outflow
Initial abstraction o f0 .25S
Time (hr)





20000  . . .
10000  . . .
0 255 2010 15
Figure A3c : HEC-1 outflow hydrograph results for Gin Ganga Basin at Baddegama Estate
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APPENDIX 4- FIGURES
Cumulative predicted & observed runoff using areal rainfall data (standard SCS method) 
Hjelmfelt (1991), Exceedence Probability Vs S 
Hawkins (1993), CN vs P
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